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METHODS FOR PRODUCING HUMANIZED ANTIBODIES AND IMPROVING
YIELD OF ANTIBODIES OR
ANTIGEN BINDING FRAGMENTS IN CELL CULTURE
Field of the invention
The present invention generally concerns the production of antibodies or antigen
binding fragments in cell culture. More specifically, the invention provides methods for

improving the yield of recombinant antibodies or antigen binding fragments in cell culture.

Background

Antibodies, particularly humanized antibodies, have become very useful for
diagnostic and therapeutic purposes. Humanized antibodies are antibodies in which CDRs or
hypervariable regions (HVRs) from a non-human antibody are combined with human
framework regions to form an antigen binding molecule. This exchange is sometimes
known as a “CDR swap”. There are different ways of selecting human framework
sequences for humanized antibodies. One method involves selecting a human variable
domain sequence that has a very similar framework sequence to that of the non-human
antibody that is the source of the CDRs. Another method involves using a human variable
domain consensus sequence as the source of the human framework regions. Often, a straight
CDR swap does not result in high affinity antigen binding molecules so that additional
changes or modifications are required to improve binding affinity of the humanized
antibody. The necessity of making additional modifications can make humanization of
antibodies a very time consuming process. In addition, humanization may not résult in an
antibody that can be produced in high yield in cell culture.

Some of the uses of antibodies require large quantities of full-length completely
assembled antibodies. Many techniques are now available for producing antibodies
recombinantly using a variety of host cell systems including E. coli, yeast, plant cells, insect
cells, and mammalian cells. Eukaryotic and prokaryotic systems have been used in large-
scale production of antibodies. In particular, £. coli provides a useful organism for the
expression of antibodies, including engineered antibodies, such as humanized antibodies.
There are several advantages to E. coli expression systems, including a well-studied and
convenient gene technology which permits constructs to be made easily and directly
expressed, and the relatively convenient and economical large-scale production of product
made possible by the fast growth of £. coli and its comparatively simple fermentation.

Full-length antibodies comprise two heavy chains linked together by disulfide bonds
and two light chains, each light chain being linked to one of the heavy chains by a disulfide
bond. Each chain has an N-terminal variable domain (Vy or V1) and one or more constant

domains at the C-terminus; the constant domain of the light chain is aligned with and
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disulfide bonded to the first constant domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy chain. Each of the variable
domains of the heavy and light chain includes framework regions (FRs) and hypervariable
regions (HVRs) and an intrachain disulfide bond. (See e.g. Chothia et al., J. Mol. Biol.
186:651-663 (1985); Novotny and Haber, Proc. Natl. Acad. Sci. USA 82:4592-4596 (1985);
Padlar et al., Mol. Immunol., 23(9): 951-960 (1986); and S. Miller, J. Mol. Biol., 216:965-
973 (1990). Antibody fragments are also often produced and include combinations of heavy
and light chain variable domains so as to form an antigen binding site. Antibody fragments
include, for example, Fab, Fab’, F(ab’),, Fv, scFv, Fd, and Fd’ fragments.

Generally, antibody production in prokaryotes involves synthesis of the light and
heavy chains in the cytoplasm followed by secretion into the periplasm where processing of
the chains takes place. Alternatively, the heavy and light chains can be directed to
accumulate in the cytoplasm where they typically form inclusion bodies. Folding of the
light and heavy chains occurs in conjunction with assembly of the folded light and heavy
chains to form an antibody molecule. Multiple covalent and non-covalent interactions occur
between and within the heavy and light chains during these folding and assembly processes.
Antibody yield can be greatly affected by the efficiency and fidelity of these processes.
Following synthesis of the heavy and light chains, protein aggregation or proteolysis can
occur thereby reducing the yield of the antibody.

Production and stability of antibody fragments have been studied more extensively
than that of full length antibodies. Often the stability and/or production yields of scFv or Fab
fragments of natural antibodies produced in host cells have been found to be insufficient.
Honneger et al., J. Mol. Biol., 309:687-699 (2001). Stability of the antibody or antibody
fragment when incubated under physiological conditions is important for therapeutic

efficacy in vivo. Production yields and folding efficiency are important to increase the yield

" of antibodies or antibody fragments for therapeutic use. The stability of scFv fragments is

not always correlated with expression yield in the bacterial periplasm. Worn et al., J. Mol.
Biol., 305:989-1010 (2001). Some stable scFv fragments show only poor expression yields
in bacterial periplasm and some mutations can affect in vive folding efficiency but not
stability. Worn et al., supra. The many factors that affect the periplasmic expression yield
and/or stability of scFv are not yet fully understood.

Some structural features thought to be involved in stability and/or in vivo folding of
antibody fragments have been previously described. For example, the FR1 of antibody
fragments has been found to influence in vivo folding of antibody fragments in bacteria. de
Haard et al.,JProt. Eng., 11:1267-1276 (1998). In particular, the data of de Haard et al.
suggested that mutations at residue 6 in the heavy chain interfered with the correct folding

of a scFv. de Haard et al. supra. Jung et al. have described four different conformations of
2
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the FR1 based on the amino acids found at positions H6, H7 and H10 (H9). Jung et al. J.
Mol. Biol., 309:701 (2001). Mutations at these residues, especially at residue 6, that disrupt
the FR1 conformation can have adverse effects on folding yields and stability of scFv. Jﬁng
et al. supra. Residue 6 in the heavy chain is also thought to contribute to the stability of
Fab, Fv, and ScFv fragments lacking disulfide bonds. Langdyk et al., J. Mol. Biol., 283:95
(1998). Disulfide bonds also contribute to the stability of antibody domains. When
disulfide bonds are removed, the H6 residue helped to stabilize the scFv but not when the
disulfide bond was restored. A number of other point mutations at residues have been
described as stabilfzing or destabilizing in specific scFv fragments. Worn et al., supra.
However, the effect of a mutation at a specific residue in an antibody or antibody framework
may be unpredictable and may or may not affect the in vivo folding efficiency. A mutation
at a residue in one antibody or antibody fragment that is beneficial for folding efficiency and
yield may not be beneficial in another.

Methods for producing high affinity humanized antibodies can be time consuming
and result in an antibody that is not optimal for production in cell culture. Multiple factors
affect the yield and/or stability of antibodies and/or antibody fragments when produced in
cell culture. Many of these factors are not yet well understood and may be unpredictable.
Thus, there remains a need for improving the process of producing humanized antibodies
and for improving the yield of antibodies or antibody fragments in cell culture, especially

bacterial cell culture.

SUMMARY OF THE INVENTION'

The present invention concerns methods for improving the process of humanizing
an antibody or antigen binding fragment and for improving the yield of antibodies or antigen
binding fragments in cell culture, especially bacterial cell culture. The invention is based on
the discovery that the primary sequence of antibody variable domains can be designed or
modified to contribute to correct folding, assembly, and yield of antibodies or antigen
binding fragments. The invention involves identifying not only which residues should be
substituted but also identifying which substitutions to make at those residues in 2 more
predictable manner to result in improved yield of the antibodies.

One method for humanizing antibodies involves combining HVRs from a non-
human antibody with human consensus framework regions that were derived from the most
commonly occurring heavy and light chain subgoups in the sequence compilation of Kabat
et al, Sequences of Proteins of Immunological Interest, NIH 1991. It has been discovered
that selecting the most commonly occurring heavy and light chain consensus sequences may
not provide an antibody that can be produced in high yield in cell culture. In one

embodiment, the invention provides a method for selecting a human subgroup consensus
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sequence for at least one of the framework region or regions based on identifying the
subgroup consensus sequence that has the most sequence identity with the HVR1 and/or
HVR2 sequence of the non-human antibody. The method may decrease the time to prepare a
humanized antibody or antigen binding fragment that can be produced in high yield in cell
culture.

In some embodiments, the method of producing a recombinant or humanized
antibody or antigen binding fragment comprises expressing a variable domain comprising at
least one FR sequence from a selected human subgroup variable domain consensus
sequence, and a HVR1 and/or HVR2 sequence of a non-human antibody in a host cell,
wherein the selected human subgroup consensus sequence is the human subgroup consensus
sequence that has a HVR1 and/or HVR2 sequence that has the most sequence identity to the
HVRI1 and/or HVR2 of the non-human antibody; and recovering the antibody variable
domain or an antibody or antigen binding fragment comprising the variable domain ﬁom the
host cell.

In other embodiments, a method comprises comparing the HVR1 and/or HVR2
amino acid sequence of the non-human antibody with the corresponding HVR1 and/or
HVR?2 of the human consensus subgroups for the heavy or light chain, identifying the
human variable domain subgroup consensus sequence with the most identity to that HVR1
and/or HVR2 amino acid sequence of the non-human antibody, and selecting at least one of
the FRs of that subgroup consensus sequence as the FR sequence for the recombinant
antibody or antigen binding fragment. A single selected FR or more than one FR selected
from the group consisting of FR1, FR2, FR3, FR4 and mixtures thereof can be used to
prepare the recombinant antibody. In one embodiment, a humanized antibody or antigen
binding fragment includes the selected FR1 of the human heavy chain subgroup consensus
sequence that has the most seqeunce identity with HVR1 and/or HVR2 of the non-human
antibody. This method for improving the process of humanization may provide for a
humanized antibody or antigen binding fragment that can be produced in high yield in cell
culture in less time.

Tn one aspect of the invention, a method is provided for producing an antibody or
antigen binding fragment in high yield in cell culture. A method comprises expressing a
variable domain of the antibody or antigen binding fragment comprising at least one
modified FR in a host cell, wherein the modified FR has a substitution of at least one amino
acid position with a different amino acid, wherein the different amino acid is the amino acid
found at the corresponding FR position of a human subgroup variable domain consensus
sequence that has a HVR1 and/or HVR2 amino acid sequence with the most sequence
identity with a corresponding HVR1 and/or HVR2 sequence of the variable domain,

wherein the antibody or antigen binding fragment variable domain comprising the modified
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FR has improved yield in cell culture compared to an unmodified antibody or antigen
binding fragment; and recovering the antibody or antigen binding fragment variable domain
comprising the modified framework from the host cell.

In one aspect of the invention, a method is provided for preparing an antibbdy with
improved yield when produced in cell culture. The method comprises expressing a variable
domain of the antibody or antigen binding fragment comprising at least one modified FR in
a host cell , wherein the modified FR is obtained by substituting at least one amino acidina
FR of a parent variable domain of the antibody or antigen binding fragment with a different
amino acid; wherein the different amino acid is an amino acid found at the corresponding
FR position of a human subgroup variable domain consensus sequence that has a HVR1
and/or HVR?2 amino acid sequence with the most sequence identity to a corresponding
HVR1 and/or HVR2 amino acid sequence of the parent variable domain to form a modified
FR. The antibody or antigen binding fragment having the modified FR has improved yield
in a cell culture compared to an antibody or antigen binding fragment comprising the parent
variable domain and is recovered from the host cell.

In one embodiment, the method comprises comparing a) a HVR1 and/or HVR2
amino acid sequence of a variable domain of a parent antibody or antigen binding fragment
to a corresponding HVR1 and/or HVR2 amino acid sequence of each of human subgroup
variable domain consensus sequences and selecting the consensus sequence that has the
most sequence identity with the HVR1 and/or HVR2 sequence of the variable domain; b)
identifying at least one amino acid in a FR of the variable domain that is different from an
amino acid at a corresponding position of the selected human subgroup variable domain
consensus sequence; and c) substituting the at least one amino acid identified in step (b)
with the amino acid in the corresponding position of the selected subgroup variable domain
consensus sequence to form a variable domain with a modified FR.

At least one FR of a heavy or light chain variable domain or both can be modified
or selected for use in accord with the methods of the invention. Modifications can be made
in 1 FR or more than one FR selected from the group consisting of FR1, FR2, FR3, FR4 and
mixtures thereof, Within a FR, at least one, and preferably more than one, amino acid
substitution is made in the FR. In one embodiment, all of the framework region residues of
the parent antibody that are different than the selected subgroup consensus sequence are
substituted with the amino acids found at those positions in the selected subgroup consensus
sequence.

In another embodiment, the method comprises expressing a heavy chain variable
domain of the antibody or antigen binding fragment comprising at least one modified FR in
a host cell, wherein the modified FR has a substitution of at least one amino acid position

with a different amino acid, wherein the different amino acid is the amino acid found at the
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corresponding FR position of a human heavy chain subgroup variable domain consensus
sequence that has a HVR1 and/or HVR2 amino acid sequence with the most sequence
identity with a corresponding HVR1 and/or HVR2 sequence of the heavy chain variable
domain, wherein the antibody or antigen binding fragment with the modified FR of the
heavy chain has improved yield in cell culture compared to an unmodified parent antibody
or antigen binding fragment; and recovering the antibody or antigen binding fragment
variable domain comprising the modified framework from the host cell.

Another aspect of the invention provides another method for improving the yield of
antibody or antigen binding fragment in culture. The method comprises modifying at least
one FR sequence of a variable domain of the antibody or antigen binding fragment such that
it is at least 50% identical in sequence to the corresponding FR sequence of a selected
subgroup consensus sequence to form a modified FR, wherein the modified FR has a
substitution of at least one amino acid position with a different amino acid, wherein the
different amino acid is the amino acid found at the corresponding FR position of a selected
human subgroup variable domain consensus sequence, wherein the selected human
consensus subgroup sequence has a HVR1 and/or HVR2 amino acid sequence with the most
sequence identity with a corresponding HVR1 and/or HVR2 sequence of the variable
domain, wherein the antibody or antigen binding fragment with the modified FR has
improved yield in cell culture compared to an unmodified parent antibody or antigen
binding fragment; and recovering the variable domain with the modified FR.

Another aspect of the invention provides another method for producing an antibody
or antigen binding fragment in high yield in cell culture. The method comprises expressing
a modified variable domain of the antibody or antigen binding fragment in a host cell,
wherein the modified variable domain has a substitution of at least one amino acid position
proximal to a cys residue that participates in an intrachain variable domain disulfide bond
with a different amino acid, wherein the different amino acid is the amino acid found at
corresponding position of a human subgroup variable domain consensus sequence that has a
HVR1 and/or HVRZ2 amino acid sequence with the most sequence identity with a
corresponding HVR1 and/or HVR2 amino acid sequence of the variable domain, wherein
the antibody or antigen binding fragment comprising the modified variable domain has
improved yield in cell culture compared to the antibody or antigen binding fragment; and
recovering the antibody or antigen binding fragment comprising the modified variable
domain from the host cell.

Another aspect of the invention provides another method for improving the yield of
antibody or antigen binding fragment in culture. The method comprises: a) identifying at
least one amino acid position in a first variable domain of a parent antibody or antigen

binding fragment that is proximal to a cys residue that forms an intrachain variable domain
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disulfide bond in the first variable domain; b) selecting a variable domain consensus
sequence having the most sequence identity with a HVR1 and/or HVR2 amino acid
sequence of the first variable domain; and c) placing at that position a different amino acid,
wherein the different amino acid is an amino acid found at the corresponding position in the
selected human subgroup consensus sequence to form a modified variable domain of the
parent antibody or antigen binding fragment. In one embodiment, an antibody or antigen
binding fragment whose sequence is known or readily ascertainable has at least one amino
acid proximal to a cys residue substituted with the amino acid found at the corresponding
position in the selected human subgroup consensus sequence. In one embodiment, at least
one amino acid proximal to a cys residue can be modified and then incorporated into a
humanized antibody or antigen binding fragment.

Another aspect of the invention involves expressing a polynucleotide molecule in a
host cell. The method comprises expressing a polynucleotide encoding a variable domain of
the antibody or antigen binding fragment comprising at least one modified FR in a host cell,
wherein the modified FR has a substitution in at least one amino acid position in at least
one FR with a different amino acid, wherein the different amino acid is the amino acid
found at the corresponding FR position of a human subgroup variable domain consensus
sequence with the most sequence identity with a corresponding HVR1 and/or HVR2 amino
acid sequence of the variable domain, wherein the antibody or antigen binding fragment
comprising the modified FR region has improved yield in cell culture when compared to a
parent unmodified antibody or antigen binding fragment; and recovering the antibody or
antigen binding fragment comprising the modified FR from the host cell.

In one embodiment, the method comprises expressing a polynucleotide molecule
encoding a modified variable domain of the antibody or antigen binding fragment in a host
cell, wherein the modified variable domain has a substitution of at least one amino acid
position proximal to a cys residue that participates in an intrachain variable domain disulfide
bond with a different amino acid, wherein the different amino acid is the amino acid found
at the corresponding position of a human subgroup variable domain consensus sequence that
has a HVR1 and/or HVR2 amino acid sequence with the most sequence identity with a
corresponding HVR1 and/or HVR2 amino acid sequence of the variable domain, wherein
the antibody or antigen binding fragment comprising the modified variable domain has
improved yield as compared to an unmodified antibody or antigen binding fragment when
produced in cell culture; and recovering the antibody or antigen binding fragment
comprising the modified variable region from the host cell.

The invention also provides for antibody variable domains, antibodies, or antigen
binding fragments that have modifications to the amino acid sequence to provide for

increased yield when produced in cell culture.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the solubility differences between heavy and light chains produced
in E. coli. Two different antibodies, anti-tissue factor antibody (A) and anti-VEGF antibody
(B), were produced in E. coli and whole cell lysates were analyzed by SDS-PAGE under
reducing conditions. Different fractions from the whole cell lysates were analyzed and
compared to the total whole cell Iysates. The location of heavy and light chains are shown.
The arrows show that more heavy chains are found in the SDS/DTT soluble fraction and
that light chains are mostly found in the soluble fraction. The first lane is the negative
control; lane 1 is the whole cell-lysate; lane 2 is the soluble fraction; lane 3 is the SDS

soluble fraction; and lane 4 is the SDS/DTT soluble fraction.

Figure 2 schematically illustrates the construction of a separate cistron vector for

expression of a full-length antibody.

Figure 3 shows that substitution of heavy chain (HC) FR1 subgroup III amino acid
residues with FR1 subgroup I amino acid residues in anti-VEGF VNERK antibody
improves assembled antibody yield in E. coli. The yield of heavy and light chains is shown
in panel A and the yield of assembled antibody products is shown in panel B. Whole cell
lysates were prepared under reducing (A) and non-reducing (B) conditions and were
analyzed by SDS PAGE immunoblot. Lane 1 is anti-VEGF VNERK with HC FR1
subgroup III sequence (HCFR1 = SGIII); lane 2 is anti-VEGF VNERK with HC FR1
subgroup I sequence (HCFR1 = SGI); lane 3 is anti-VEGF VNERK with HC FR1 subgroup
II sequence (HCFR1 = SGII); and lane 4 is the negative control. In Figure 3A, the samples
were prepared under reducing conditions, and positions of the heavy and light chains are
identified. In Figure 3B, the samples were prepared under non-reducing conditions and the
figures to the right of the gel show positions of completely assembled (at the top) and
partially assembled antibody products.

Figure 4 shows that substitution of HC FR1 subgroup III amino acid residues with
subgroup I amino acid residues in anti-VEGF Y0317 antibody improves assembled antibody
yield in E. coli. The yield of heavy and light chains is shown in panel A and the yield of
assembled antibody products is shown in panel B. Whole cell lysates were prepared under
reducing (A) and non-reducing (B) conditions and were analyzed by SDS PAGE
immunoblot. Lane 1 is Y0317 antibody with HC FR1 subgroup IIl (HCFRI = SGIII); and
Lane 2 is Y0317 antibody with HC FR1 subgroup I (HCFR1 = SGI). In panel A, positions

8
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of the heavy and light chains are identified. In panel B, the figures to the right of the gel
show position of completely assembled (at the top) and partially assembled antibody

products.

Figure 5 shows that substitution of HC FR1 subgroup III amino acid residues with
FR1 subgroup II amino acid residues in anti-IgE E25 antibody improves assembled antibody
yield. The yield of heavy and light chains is shown in panel A and the yield of assembled
antibody products is shown in panel B. Whole cell lysates were prepared under reducing
(A) and non-reducing (B) conditions and were analyzed by SDS PAGE immunoblot, Lane
1 is negative control; Lane 2 is “wild type” antibody with HC FR1 subgroup III sequence
(HCFRI1 = SGIII*); and Lane 3 is antibody with HC FR1 subgroup III sequence replaced
with the subgroup II sequence (HCFR1 = SGII). In panel A, positions of heavy and light
chains are indicated. In panel B, the figures to the right of the gel show completely
assembled (at the top) and partially assembled antibody products. The asterisk indicates that

- wild type antibody E25 includes a change at position 24 from an alanine to a valine at that

position. Valine at position 24 corresponds to the amino acid at that position in the murine

sequence and in the human consensus subgroup II sequence.

Figure 6 shows the assembled antibody yields of anti-VEGF antibodies with single
amino acid substitutions in HC FR1 replacing subgroup Il residues with the subgroup I
residue at each position. The yield of heavy and light chains is shown in panels A and B
and the yield of assembled antibody products is shown in panels C and D. Whole cell
lysates were prepared under reducing (A, B) and non-reducing (C, D) conditions and were
analyzed by SDS PAGE immunoblot. In panels A and C, lane 1 is the wt anti-VEGF with
HC FR1 subgroup III sequence; lane 2 is an antibody with a substitution E1Q; lane 3 is an
antibody with an E6Q substitution; lane 4 is an antibody with a G9A substitution; lane 5 is
an antibody with G10E substitution; lane 6 is an antibody with a L11V substitution; lane 7 is
an antibody with V12K substitution; and lane 8 is an antibody with the HC FR1 subgroup I;
lane 9 is the negative control. In panels B and D, lane 1 is the wild type with HC FR1
subgroup I1I; lane 2 is an antibody with Q13K lane 3 is an antibody with G16A
substitution; lane 4 is an antibody with L18V substitution; lane 5 is an antibody with R19K
substitution; lane 6 is an antibody with L20V substitution; lane 7 is an antibody with A23K
substitution; lane 8 is an antibody with HC FR1 subgroup I; and lane 9 is a negative control.

Figure 7 shows the assembled antibody yields of anti-VEGF antibodies with single
amino acid substitutions in the heavy chain FR1 replacing subgroup III residues with the

subgroup I residue at those positions. The yield of heavy and light chains is shown in panel
9
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A and the yield of assembled antibody products is shown in panel B. Whole cell lysates
were prepared under reducing (A) and non-reducing (B) conditions and were analyzed by
SDS PAGE immunoblot. Lane 1 is negative control; lane 2 is the anti-VEGF VNERK wt
with HC FR1 subgroup III sequence (HCFR1 = SGIII); lane 3 is the anti-VEGF antibody
with HC FR1 subgroup I sequence (HCFR1 = SGI); lane 4 is an antibody with E1Q
substitution; lane 5 is an antibody with E6Q substitution; lane 6 is an antibody with L11V
substitution; and lane 7 is an antibody with A23K substitution.

Figure 8 shows the yield of assembled antibody products (B) and the heavy and
light chains (A) of anti-VEGF first generation wild-type antibodies. The antibodies have
single or double amino acid substitutions at positions proximal to cys residues that form an
intrachain disulfide bond. Whole cell lysates were prepared under reducing (A) and non-
reducing (B) conditions and were analyzed by SDS PAGE immunoblot. Lane 1 is a negative
control; lane 2 is the first generation wild type anti-VEGF antibody; lane 3 is an antibody
with a M4L substitution in the light chain; lane 4 is an antibody with a F71Y substitution in
the light chain; lane 5 is an antibody with a M341 substitution in the heavy chain; and lane 6
is an antibody with E6Q and M34I substitutions in the heavy chain.

Figure 9 shows the yield of heavy and light chains (A) and assembled antibody
products (B) for anti-VEGF antibodies with a modified variable domain. The antibodies
have double or single amino acid substitutions in positions proximal to cys residues that
form an intrachain disulfide bond. Whole cell lysates were prepared under reducing (A) and
non-reducing (B) conditions and were analyzed by SDS PAGE immunoblot. Lane 1 is
negative control; lane 2 is anti-VEGF first generation wt; lane 3 is an antibody with a
substitution M4L in the light chain and a substitution M34I in the heavy chain; lane 4 is an
antibody with a M4L substitution in the light chain; and lane 5 is an antibody with a M341
substitution in the heavy chain.

Figure 10 shows the yield of heavy and light chains (A) and assembled antibody
products (B) of anti-VEGF VNERK antibodies with a modified variable domain. The
antibodies have single amino acid substitutions at position 78 in the heavy chain replacing
the subgroup III (L.78) residue with either the subgroup I (A78) or the subgroup II residue
(F78). Whole cell lysates were prepared under reducing (A) and non-reducing (B)
conditions and were analyzed by SDS PAGE immunoblot. Lane 1 is a negative control;
lane 2 is anti-VEGF antibody with a HC subgroup I residue at position 78 (A78-SGI); lane 3
is anti-VEGF antibody with a HC subgroup IIl residue at position 78, (L78-SGIII); anc} lane

4 is an antibody with a HC subgroup II residue at position 78 (F78-SGII).
10
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Figure 11 shows the yield of heavy and light chains (A) and assembled antibody
products (B) of anti-VEGF antibody YO317 with a single amino acid substitution at
position 34 in the heavy chain. Whole cell lysates were prepared under reducing (A) and
non-reducing (B) conditions and were analyzed by SDS PAGE immunoblot. Lane lisa
negative control; lane 2 is anti-VEGF Y0317 with HC FR1 subgroup III; and lane 3 is
Y0317 antibody with M341 substitution in heavy chain.

Figure 12 shows the yield of heavy and light chains (A) and assembled antibody
products (B) of anti-VEGF antibody YO317 antibody with an amino acid substitution F71Y
in the light chain. Whole cell lysates were prepared under reducing (A) and non-reducing
(B) conditions and were analyzed by SDS PAGE immunoblot. Lane 1 is a negative control;
lane 2 is anti-VEGF antibody YO317; lane 3 is an antibody with F71Y substitution in the
light chain.

Figure 13 shows the yield of assembled antibody products of anti-VEGF VNERK
antibodies with modified framework regions. The samples were prepared under non-
reducing conditions and run on a SDS PAGE gel. The gels were stained with Coomassie
Blue (A) or detectably labeled anti-Fc antibody (B). Lane 1 is a negative control; Lane 2 is
the anti-VEGF antibbdy VNERK with HC subgroup III framework residues, except for
those changed as a part of humanization (HCFR = SGIII); lane 3 is anti-VEGF VNERK
with HC FR1 residues from heavy chain subgroup I consensus sequence; lane 4 is anti-
VEGF VNERK with HC FR1 and FR2 region residues from heavy chain subgroup I; and
lane 5 is anti-VEGF VNERK antibody with HC FR1, FR2 and FR3 residues of heavy chain

consensus sequence subgroup L

Figure 14 shows the yield of assembled antibody products of anti-VEGF VNERK
antibodies prepared by large scale fermentation. The samples were prepared under non-
reducing conditions and run on a SDS PAGE gel. The gels were stained with Coomassie
Blue (A) or detectably labeled anti-Fab antibody (B). The anti-VEGF antibody with HC
FR1 sequences from consensus subgroup I was prepared by large-scale fermentation on two
separate occasions (one batch was labeled AB249; the other batch was labeled AB444).
Lane 1 is anti-VEGF VNERK antibody with HC FR1 subgroup III (AB422); lane 2 is anti-
VEGF VNERK with HC FR1 subgroup I batch AB249; and lane 3 is anti-VEGF VNERK
with HC FR1 subgroup I batch AB444.
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Figure 15 A-D shows the polynucleotide sequence (SEQ ID NO: 4) encoding an
amino acid sequence (SEQ ID NO: 5) of heavy and light chains of anti-VEGF antibody
VNERK in plasmid pxVG11VNERK. The positions of cys residues that form an
intravariable domain disulfide bond are shown in the heavy and light chain variable

domains.

Figure 16A-D shows the polynucleotide sequence (SEQ ID NO: 6) encoding an
amino acid sequence (SEQ ID NO: 7) of the heavy and light chains of anti-VEGF antibody
Y0317 in plasmid pxVG2AP11.

Figure 17 A-D shows the polynucleotide sequence (SEQ ID NO: 8) encoding an
amino acid sequence of (SEQ ID NO: 9) of heavy and light chains of anti-VEGF VNERK
with heavy chain FR1 subgroup I consensus sequence in plasmid pVKFR1-2. The positions

of cys residues that form an intravariable domain disulfide bond are also shown.

Figure 18 A-D shows the polynucleotide sequence (SEQ ID NO: 10) encoding an
amino acid sequence (SEQ ID NO: 11) of the heavy and light chains of anti-VEGF antibody
VNERK with heavy chain FR1 subgroup II consensus in plasmid pVKSGIIL. The position
of cys residues that form an intravariable disulfide bond are also shown for the heavy and

light domains.

Figure 19 A-D shows the polynucleotide sequence (SEQ ID NO: 12) encoding an
amino acid sequence (SEQ ID NO: 13) of the heavy and light chains of anti-VEGF antibody

- Y0317 with heavy chain FR1 subgroup I consensus sequence in plasmid pYOFR1-2.

Figure 20 A-D shows the polynucleotide sequence (SEQ ID NO: 20) encoding an
amino acid sequence (SEQ ID NO: 21) of heavy and light chains of anti-IgE antibody E25
in pE25-11.

Figure 21 A-D shows the polynucleotide sequence (SEQ ID NO: 22) encoding an
amino acid sequence (SEQ ID NO: 23) of heavy and light chains of anti-IgE antibody E25
with heavy chain FR1 subgroup II consensus sequence in plasmid pE25-SGIL

Figure 22 A-C shows the polynucleotide sequence (SEQ ID NO: 24) encoding an
amino acid sequence (SEQ ID NO: 25) of heavy and light chains of anti-VEGF first
generation wild type in plasmid pVG50.

12
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Figure 23 A-E shows the polynucleotide sequence (SEQ ID NO: 26) encoding an
amino acid sequence (SEQ ID NO: 27) of the heavy and light chains of anti-VEGF VNERK
antibodies in plasmid pVKSGI with FR 1, 2, 3, and 4 with a subgroup I consensus sequence.

5 Table of Sequences

SEQ ID NO: Name

Sequence Page

1 FR1 Subgroup I
65

QVQLVQSGAEVKKPGASVKVSCKAS 63, 64,

2 FR1 Subgroup 1L QVQLQESGPGLVKPSQTLSLTCTVS | 63

0w

FR1 Subgroup III EVQLVESGGGLVQPGGSLRLSCAAS 63

Heavy and light chains
of VNERK in
pxVG11VNERK

polynucleotide sequence

Fig.

15

Heavy and light chains
of VNERK in
pxVG11VNERK

amino acid sequence

Fig.

15

Heavy and light chains
of YO317 in
pxVG2AP11

polynucleotide sequence

Fig.

16

Heavy and light chains
of YO317 in
pxVG2API1

amino acid sequence

Fig.

16

Heavy and light chains
of VNERK with heavy
chain FRI SGI in
pVKFR1-2

polynucleotide sequence

Fig.

17

Heavy and light chains
of VNERK with heavy
chain FRI SGII in
pVKFR1-2

amino acid sequence

Fig.

17

10

Heavy and light chains
of VNERK with heavy
chain FRI SGII in
pVKSGII

polynucleotide sequence

Fig.

18

11

Heavy and light chains
of VNERK. with heavy
chain FRI SGII in
pVKSGII

amino acid sequence

Fig.

18

12

Heavy and light chains
of YO317 with heavy
chain FRI SGI in
pYOFR1-2

polynucleotide sequence

Fig.

19

13

Heavy and light chains
of YO317 with heavy
chain FRI SGI in
pYOFR1-2

amino acid sequence

Fig.

19

14

VNERK heavy chain
HVRI1 residues 26-35

GYTFINYGIN

33,72,

73

15

Human heavy chain
consensus sequence

GYTFTSYAIS

33,

72,74

13
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SEQID NO:

Name

Sequence

Page

from Subgroup I

16

Human heavy chain
consensus sequence
from Subgroup II

GGSVSSYWSWN

33,
72,74,
76

17

Human heavy chain
consensus sequence
from Subgroup III

GFTFSSYAMS

33,72,
74,76

18

Y0317 heavy chain
HVRI residues 26-35

GYDFTHYGMN

74

19

E25 heavy chain
HVRI1 residues 26-35

GYSITSGYSWN

76

20

Heavy and light chains
of anti-IgE antibody
E25 in pE25-11

polynucleotide sequence

Fig. 20

21

Heavy and light chains
of anti-IgE antibody
E25 in pE25-11

amino acid sequence

Fig. 20

22

Heavy and light chains
of anti-IgE antibody
E25 with heavy chain
FR1 SGII in pE25-
SGII

polynucleotide sequence

Fig. 21

23

Heavy and light chains
of anti-IgE antibody
E25 with heavy chain
FR1 SGII in pE25-
SGII

amino acid sequence

Fig. 21

24

Heavy and light chains
of anti-VEGF first
generation wild type
in pVGS50

polynucleotide sequence

Fig. 22

25

Heavy and light chains
of anti-VEGEF first
generation wild type
inpVGS0

amino acid sequence

Fig. 22

26

Heavy and light chains
of VNERK in
pVKSGI with FR1, 2,
3, and 4 SGI
consensus sequence

polynucleotide sequence

Fig. 23

Heavy and light chains
of VNERK in
pVKSGI with FR1, 2,
3, and 4 SGI
CONSEnsus sequence

amino acid sequence

Fig. 23

28

heavy chain FR2
Subgroup 1T
consensus sequence

WVRQAPGKGLEWYVS

73

29

heavy chain FR2 anti-
VEGF VNERK
sequence

WVRQAPGKGLEWVG

73

30

heavy chain FR3

RFTISRDNSKNTLYLQMNSLRAEDTAVY | 73
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SEQ ID NO: Name Sequence Page

Subgroup III YCAR
consensus sequence

31 heavy chain FR3 anti- | RFTFSLDTSKSTAYLQMNSLRAEDTAVY | 73
VEGF VNERK YCAK
sequence

32 heavy chain FR4 WGQGTLVTVSS 73
Subgroup III
consensus sequence

DETAILED DESCRIPTION

The numbering system of all of the antibodies described herein is according to
Kabat et al. (1991) Sequence of Proteins of Immunological Interest, 4th Ed. National
Institute of Health, Bethesda, MD.
A. Definitions

The terms “antibody” and “immunoglobulin” are used interchangeably in the
broadest sense and include monoclonal antibodies (full-length or intact monoclonal
antibodies), polyclonal antibodies, humanized, multivalent antibodies, and multispecific
antibodies (e.g., bispecific antibodies so long as they exhibit the desired biological activity).
A naturally occurring antibody comprises four polypeptide chains, two identical heavy (H)
chains and two identical light (L) chains inter-connected by disulfide bonds. Each heavy
chain is comprised of a heavy chain variable region domain (V) and a heavy chain constant
region. The heavy chain constant region is comprised of three domains, CH1, CH2 and
CH3. Each light chain is comprised of a light chain variable region domain'(Vy) and a light
chain constant region domain. The light chain constant region is comprised of one domain,
C... The Vyand Vi domains can be further subdivided into hypervariability regions (HVR),
interspersed with regions that are more conserved, termed framework regions (FR). Each
Vy and V. is composed of three HVRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order: FR1, HVRI, FR2, HVR2, FR3, HVR3, FR4.

Depending on the amino acid sequences of the constant domains of their heavy
chains, antibodies (immunoglobuling) can be assigned to different classes. There are five
major classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, and several of these may
be further divided into subclasses (isotypes), e.g., [gG-1, IgG-2, IgA-1, IgA-2, and etc. The
heavy chain constant domains that correspond to the different classes of immunoglobulins
are called 0, 5, €, v, and p, respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are well known and described

generally in, for example, Abbas et al., Cellular and Mol. Immunology, 4th ed. (2000). An
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antibody may be part of a larger fusion molecule, formed by covalent or non-covalent
association of the antibody with one or more other proteins or peptides.

The light chains of antibodies from any vertebrate species can be assigned to one of
two clearly distinct types, called kappa () and lambda (), based on the amino acid
sequences of their constant domains.

The terms “full-length antibody,” “intact antibody” and “whole antibody™ are used
herein interchangeably, to refer to an antibody in its substantially intact form including at
least 2 heavy and 2 light chains, not antibody fragments as defined below. The terms
particularly refer to an antibody with heavy chains that contain Fc region. A full-length
antibody can be a native sequence antibody or a recombinant antibody. A full-length
antibody can be human, humanized and/or affinity matured.

The term “parent antibody”, “parent antigen binding fragment” or “unmodified
variable domain” are used interchangeably and as used herein refer to an antibody or antigen
binding fragment that provides variable domain sequences that are the source material for a
method of producing a humanized antibody or for modification in accord with the methods
of the invention. Parent antibody or antigen binding fragment variable domain sequences
are known or can readily be ascertained using methods known in the art. A parent antibody
includes but is not limited to a humanized antibody, human antibody, monoclonal antibody,
chimeric antibodies, polyclonal antibodies, multivalent antibodies and multispecific
antibodies. Human consensus subgroup sequences can also serve as a source of antibody
variable domain sequences. Antigen binding fragments can include Fab fragments, Fab’
fragments, Fd’ fragment, Fv fragment, Fd fragment, F(ab), fragment, dAb fragment,
hingeless antibodies, single chain antibodies, diabodies, single arm antigen binding
molecules comprising a light chain , a heavy chain and a N-terminally truncated heavy chain
constant region sufficient to form a Fc region capable of increasing the half life of the single
arm antigen binding molecule, and linear antibodies.

The phrase “assembled antibody products or assembled antibody” as used herein
refers to an antibody or antibody fragment that comprises at least one antibody variable
domain, for example 2 light and a heavy chain variable domain, that forms an antigen
binding site. In some cases, the association may involve one or more interchain disulfide
bonds. For example, a completely assembled full-length antibody refers to an antibody
including 2 heavy and 2 light chains and is completely disulfide bonded so as to form the
structure of a naturally occurring antibody.

“Antibody fragments” comprise only a portion of an intact antibody, generally
including an antigen binding site of the intact antibody and thus retaining the ability to bind
antigen. Examples of antibody fragments encompassed by the present definition include: (i)

the Fab fragment, having VL, CL, VH and CH1 domains having one interchain disulfide
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bond between the heavy and light chain; (ii) the Fab’ fragment, which is a Fab fragment
having one or more cysteine residues at the C-terminus of the CH1 domain; (iii) the Fd
fragment having VH and CH1 domains; (iv) the Fd’ fragment having VH and CH1 domains
and one or more cysteine residues at the C-terminus of the CH1 domain; (v) the Fv fragment
having the VL and VH domains of a single arm of an antibody; (vi) the dAb fragment which
consists of a VH domain; (vii) hingeless antibodies including at least VL, VH, CL, CH1
domains and lacking hinge region; (viii) F(ab’), fragments, a bivalent fragment including
two Fab’ fragments linked by a disulfide bridge at the hinge region; (ix) single chain
antibody molecules (e.g. single chain Fv; scFv); (x) “diabodies” with two antigen binding
sites, comprising a heavy chain variable domain (VH) connected to a light chain variable
domain (VL) in the same polypeptide chain; (xi) single arm antigen binding molecules
comprising a light chain, a heavy chain and a N- terminally truncated heavy chain constant
region sufficient to form a Fc region capable of increasing the half life of the single arm
antigen binding domain; (xii) “linear antibodies” comprising a pair of tandem Fd segments
(VH-CH1-VH-CH1) which, together with complementary light chain polypeptides, form a
pair of antigen binding regions.

A “biologically active” or “functional” immunoglobulin is one capable of exerting
one or more of its natural activities in structural, regulatory, biochemical or biophysical
events. For example, a biologically active antibody may have the ability to specifically bind
an antigen and the binding may in turn elicit or alter a cellular or molecular event such as
signaling transduction or enzymatic activity. A biologically active antibody may also block
ligand activation of a receptor or act as an agonist antibody. The capability of a full-length
antibody to exert one or more of its natural activities depends on several factors, including
proper folding and assembly of the polypeptide chains. As used herein, the biologically
active immunoglobulins generated by the disclosed methods are typically, but not
necessarily, heterotetramers having two identical L chains and two identical H chains that
are linked by multiple disulfide bonds and properly folded and assembled.

The term “monoclonal antibody” as used herein refers to an antibody obtained from
a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are essentially identical except for variants that may arise during
production of the antibody.

The monoclonal antibodies herein specifically include “chimeric” antibodies in
which a portion of the heavy and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or

belonging to another antibody class or subclass, as well as fragments of such antibodies, so
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long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567, and Morrison
et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

“Humanized” forms of non-human (e.g., murine) antibodies are chimeric antibodies
that contain minimal sequence derived from non-human immunoglobulin. For the most
part, humanized antibodies are human immunoglobulins (recipient antibody) in which
residues from a hypervariable region (HVR) of the recipient are replaced by residues froma
hypervariable region (HVR) of a non-human species (donor antibody) such as mouse, rat,
rabbit or nonhuman primate having the desired specificity, affinity, and capacity. In some
instances, framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues to improve antigen binding affinity. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient antibody or
the donor antibody. These modifications maybe made to improve antibody affinity or
functional activity. In general, the humanized antibody will comprise substantially all of at
least one, and typically two, variable domains, in which all or substantially all of the
hypervariable regions correspond to those of a non-human immunoglobulin and all or
substantially all of the FRs are those of a human immunoglobulin sequence. Humanized
anitbodies can also be produced as antigen binding fragments as described herein. The
humanized antibody optionally will also comprise at least a portion of an immunoglobulin
constant region (Fc), typically that of or derived from a human immuno globulin. For further
details, see Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329
(1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also the following review
articles and references cited therein: Vaswani and Hamilton, Ann. Allergy, Asthma &
Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-1038 (1995);
Hurle and Gross, Curr. Op. Biotech 5:428-433 (1994).

A “human antibody” is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen
binding residues.

An “affinity matured” antibody is one with one or more alterations in one or more
hypervariable regions which result in an improvement in the affinity of the antibody for
antigen, compared to a parent antibody which does not possess those alteration(s). Preferred
affinity matured antibodies will have nanomolar or even picomolar affinities for the target
antigen. Affinity matured antibodies are produced by procedures known in the art. Marks
et al., Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL
domain shuffling. Random mutagenesis of CDR and/or framework residues is described by:

Barbas et al., Proc. Nat. Acad. Sci. USA 91:3809-3813 (1994); Scier et al., Gene 169:147-
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155 (1995); Yelton et al., J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol.
154(7):3310-9 (1995); and Hawkins et al., J. Mol. Biol. 226:889-896 (1992).

The term “variable” refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and specificity
of each particular antibody for its particular antigen. However, the variability is not evenly
distributed throughout the variable domains of antibodies. It is concentrated in three
segments called hypervariable regions (HVR1, HVR2 and HVR3) both in the light chain
(LC) and the heavy chain (HC) variable domains. The more highly conserved portions of
variable domains are called the framework region (FR). The variable domains of native
heavy and light chains each comprise four FRs (FR1, FR2, FR3 and FR4, respectively),
largely adopting a B-sheet configuration, connected by three hypervariable regions. The -
sheet structure formed by the FRs are also connected to one another by an intravariable
domain disulfide bond. The hypervariable regions in each chain are held together in close
proximity by the FRs and, with the hypervariable regions from the other chain, contribute to
the formation of the antigen binding site of antibodies (see Kabat et al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, MD (1991), pages 647-669). The constant domains are not involved
directly in binding an antibody to an antigen, but exhibit various effector functions, such as
participation of the antibody in antibody-dependent cellular toxicity, and long half-life
through size and FcRn binding.

The term “hypervariable region” (hereinafter “HVR”) when used herein refers to
the amino acid residues of an antibody variable domain the presence of which are necessary
for antigen binding. Each variable domain typically has three HVR regions identified as
HVR1, HVR2 and HVR3. Each hypervariable region comprises amino acid residues from a
“complementarity determining region” (hereinafter “CDR”) (i.e. about residues 24-34 (L1),
50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35 (H1), 50-65 (H2)
and 95-102 (H3) in the heavy chain variable domain; Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991)) and/or those residues from a “hypervariable loop™ (i.e. about
residues 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain variable domain and 26-32
(H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and Lesk J.
Mol. Biol. 196:901-917 (1987)). In some instances, a hypervariable region can include
amino acids from both a CDR region and a hypervariable loop. For example, the
hypervariable region I (HVR1) of the heavy chain can include amino acids 26 to 35.

“Framework regions” (hereinafter FR) are those variable domain residues other
than the hypervariable region residues. Each variable domain typically has four FRs

identified as FR1, FR2, FR3 and FR4. If the hypervariable regions comprise amino acid
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residues from CDRs, the light chain FR residues are positioned at about residues 1-23
(LCFRI), 35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) and the heavy chain FR
residues are positioned about at residues 1-30 (HCFR1), 36-49 (HCFR2), 66-94 (HCFR3),
and 103-113 (HCFR4) in the heavy chain residues. If the hypervariable regions comprise
amino acid residues from hypervariable loops, the light chain FR residues are positioned
about at residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3), and 97-107 (LCFR4) in
the light chain and the heavy chain FR residues are positioned about at residues 1-25
(HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-113 (HCFR4) in the heavy chain
residues. In some instances, when the hypervariable region comprises amino acids from
both a CDR and hypervariable loop, the FR residues will be adjusted accordingly. For
example, when HC HVR1 includes amino acids H26-H35, the heavy chain FR1 residues are
at positions 1-25 and the FR2 residues are at positions 36-49.

The term “human variable domain subgroup consensus sequence” refers to an
artificial amino acid sequence for a variable region that is generally not obtained from any
single naturally occurring immunoglobulin. Sequences of naturally occurring
immunoglobulins have been compiled and analyzed, for example, by Kabat et al. supra or at
immuno-bme-nwu-edu. The variable domain sequences have been placed in subgroups
based on similarity of the sequences. For example, human heavy chain variable domain
sequences identified by Kabat can be categorized into three subgroups identified as
subgroup I, subgroup II and subgroup III. The consensus sequence is an artificial sequence
that is derived from a comparison of the amino acid sequences of known human
immunoglobulin variable region sequences in a subgroup. Using this comparison, an amino
acid variable region sequence is derived to form a consensus, or average, of the sequences
of the natural immunoglobulins in the subgroup. A consensus amino acid sequence is a
sequence that at each position has an amino acid found most frequently in known
immunoglobulins in the subgroup. Useful consensus sequences include variable domain
consensus sequences derived from the data provided in Kabat et al., 1991, Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, MD and variants thereof.

The term “corresponding” or “corresponds™ refers to an amino acid position or
amino acid sequence that is found at the same position or positions in a sequence when the
sequence is aligned with a reference sequence. Typically, the amino acid sequences are
aligned using the same numbering system in each sequence.

A sequence has the “most sequence identity” if it has an amino acid sequence that
has the greatest degree of sequence identity to a reference sequence when the two sequences
are aligned. The percent identity between two sequences can be determined by aligning the

two sequences, accounting for gaps as necessary to achieve the best alignment and
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determining the number of residues that are the same in both sequences divided by the
number of amino acids in the reference sequence. A number of computer programs can also
be utilized for the purposes of aligning sequences and determining the % identity. For
example, a heavy chain HVR1 amino acid sequence from an antibody or antigen binding
fragment is compared to the corresponding HVR1 sequence of a heavy chain subgroup
consensus sequence and the number of amino acids that are the same is divided by the
number of amino acids in the HVR1 subgroup consensus sequence resulting in the %
identity. The comparison is repeated with other heavy chain consensus sequences and the
heavy chain subgroup consensus sequence which has the most % seqﬁence identity is
selected.

The phrase “proximal to a cys residue that forms an intrachain disulfide bond”
refers to an amino acid position in a three-dimensional structure that is located near a cys
residue that forms an intrachain variable domain disulfide bond or an amino acid position
adjacent to a cys residue that forms an intrachain disulfide bond. Each variable domain of
an antibody or antigen binding fragment typically has a single intrachain disulfide bond
formed between 2 cys residues. In many antibodies the position of these cys residues is
conserved. The cys residues are usually found at positions L.23 and L83 in the light chain
and at position H22 and H92 in the heavy chain.

Amino acid positions adjacent to the cys residues are the two amino acid positions
on either side of the cys residue in a linear sequence. For example, in the heavy ‘chain
variable domain where the cys residue is at position 22, adjacent residues are at positions 20
and 21 and positions 23 and 24 in the linear sequence.

An amino acid position in a three dimensional structure that is near to a cys residue
is a position where a side chain (or in the case of Gly, an alpha carbon) of the amino acid in
that position is about 5 angstroms or less from the cys residue or is a position where the
amino acid in that position has lost about 10 square angstroms or more of solvent accessible
surface area by contacting the cys residue. Amino acid positions proximal to a cys residues
can be determined by analysis of the crystal structure of the antibody or a three dimensional
molecular model of the antibody using computer programs such as MIDAS (UCSF) and
solvent accessible surface areas can be calculated using programs such as SOLV (G. S.
Smith (1985) “A computer program for the calculation of the molecular volume and surface
area of proteins”, Merck, Sharpe and Dohme Res. Laboratories, QCPE).

The term “ improved yield” refers to an increase in the amount of assembled
antibody product with modified framework regions or variable domains when compared to
an unmodified or control antibody product that is prepared under similar conditions in
similar cell types. The yield of antibodies or antigen binding fragment modified in accord

with the methods of the invention is increased at least about 2 fold or more, more preferably
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about 2 to 4 fold, more preferably about 2 to 8 fold, and most preferably 2 to 16 fold when
compared to the yield of an unmodified or control antibody. Relative yields of antibody
products can be determined using standard methods including scanning densitometry of
SDS-PAGE gels and/or immunoblots and the AMES-RP assay.

The term “improved folding efficiency” refers to an improved ability of an antibody
or antigen binding fragment to completely fold and assemble when produced in a cell
culture. For example, a full-length IgG antibody is completely assembled and folded when
it forms a molecule comprised of 2 heavy and 2 light chains connected by 4 interchain
disulfide bonds. An antibody has improved folding efficiency when the amount of
completely assembled antibody product is increased while the expression level of the heavy
and light chains remains about the same compared to a reference or control antibody that
has not been modified as determined by methods such as SDS-PAGE, immunoblot analysis,
and scanning densitometry as described herein.

“Affinity binding” refers to the strength of the sum total of noncovalent interactions
between a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g.,
an antigen or FcRn receptor). The affinity of a molecule X for its partner Y is represented
by the dissociation constant (Kd), which can generally be determined by using methods
known in the art.

The term “vector,” as used herein, is intended to refer to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of vector
is a “plasmid”, which refers to a circular double stranded DNA loop into which additional
DNA segments may be ligated. Another type of vector is a phage vector. Another type of
vector is a viral vector, wherein additional DNA segments may be ligated into the viral
genome. Certain vectors are capable of autonomous replication in a host cell into which
they are introduced (e.g., bacterial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can
be integrated into the genome of a host cell upon introduction into the host cell, and thereby
are replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as “recombinant expression vectors” (or simply, “recombinant vectors”).
In general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, “plasmid” and “yector” may be used
interchangeably as the plasmid is the most commonly used form of vector.

The term “cistron,” as used herein, is intended to refer to a genetic element broadly
equivalent to a translational unit comprising the nucleotide sequence coding for a
polypeptide chain and adjacent control regions. “Adjacent control regions™ include, for

example, a translational initiation region and a termination region.
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A “separate cistron” expression vector according to the present invention refersto a
single vector comprising at least two separate promoter-cistron pairs, wherein each cistron is
under the control of its own promoter. Upon expression of a separate cistron expression
vector, both transcription and translation processes of different genes are separate and
independent.

The term “host cell” (or “recombinant host cell”), as used herein, is intended to refer
to a cell that has been genetically altered, or is capable of being genetically altered by
introduction of an exogenous polynucleotide molecule, such as a recombinant plasmid or
vector. It should be understood that such terms are intended to refer not only to the
particular subject cell but to the progeny of such a cell. Because certain modifications may
occur in succeeding generations due to either mutation or environmental influences, such
progency may not, in fact, be identical to the parent cell, but are still included within the
scope of the term “host cell” as used herein.

A “disorder” is any condition that would benefit from treatment with the antibody.
This includes chronic and acute disorders or diseases including those pathological
conditions which predispose the mammal to the disorder in question. Non-limiting
examples of disorders to be treated herein include malignant and benign tumors, non-
leukemias and lymphoid malignancies; neuronal, glial, astrocytal, hypothalamic and other
glandular, macrophagal, epithelial, stromal and blastocoelic disorders; and inflammatory,
angiogenic and immunologic disorders.

As used herein, “treatment” refers to clinical intervention in an attempt to alter the
natural course of the individual or cell being treated, and can be performed either for
prophylaxis or during the course of clinical pathology. Desirable effects of treatment
include preventing occurrence or recurrence of disease, alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the disease, preventing
metastasis, decreasing the rate of disease progression, amelioration or palliation of the

disease state, and remission or improved prognosis.

Modes for Carrying out the Invention

The present invention concerns methods for improving the process of humanization
and improving the yield of recombinantly produced antibodies or antigen binding fragments
in cell culture, especially bacterial cell culture. Bacterial systems have been widely used for
expressing antibody fragments, but there have been few attempts to express and recover
functional completely assembled full- length antibodies in high yield. Because of the
complex structure and large size of completely assembled full-length antibodies, it is often
difficult to achieve proper folding and assembly of the expressed heavy and light chains,

especially in bacterial cells. The invention is based on the discovery that the sequence of
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antibody variable domains can be designed or modified to contribute to correct folding and
assembly of antibodies or antibody fragments, and thereby increase yield. The invention
involves identifying not only which residues should be substituted but also identifying
which substitutions to make at those residues in a more predictable manner to result in
improved yield of the antibodies or antigen binding fragments.

In particular, it has now been discovered that folding, assembly, and yield of
antibodies or antigen binding fragments is improved by substituting at least one amino acid
residue of a framework region of a variable domain with an amino acid residue found at the
corresponding position in the framework region of the human variable domain subgroup
consensus sequence with the most sequence identity with the HVR1 and/or HVR2 amino
acid sequence of the variable domain. In one embodiment of the invention, the FR1
sequence of the heavy chain variable domain is substituted with FR1 amino acid sequence
of the human heavy chain variable domain subgroup consensus sequence with the most
sequence identity to the HVR1 sequence of the antibody. In another aspect, at least one
amino acid position proximal to a cys residue that forms an intrachain disulfide bond is
substituted with an amino acid at the corresponding position in the human variable domain
subgroup consensus sequence with the most identity to the HVR1 and/or HVR2 amino acid
sequence of the antibody. While the processes of the invention for improving yield of
antibodies in cell culture have been illustrated for production of full-length completely
assembled antibodies, it should be understood that the approach described herein is
applicable to the production of antigen binding fragments.

This approach is alsé useful for designing and producing recombinantly produced
antibodies, such as humanized antibodies or antigen binding fragments, to include features
that enhance yield of antibody when produced in cell culture. For example, when the
desired FIVR1 and/or HVR2 amino acid sequence of the recombinant antibody is identified,
the human variable domain subgroup consensus sequence with the most identity to that
HVR1 and/or HVR2 amino acid sequence can be selected and at least one of the FRs of that
subgroup selected for the FR sequence of the recombinant antibody or antigen binding
fragment. In another aspect, the variable domain of the humanized antibody or antigen
binding fragment can be formed or modified so that at least one amino acid position
proximal to a cys residue that forms an intrachain disulfide bond has a substitution with an
amino acid at the corresponding position in the human variable domain subgroup consensus
sequence with the most identity to the HVR1 and/or HVR2 amino acid sequence of the
antibody. The methods for improving the process of humanization may provide for a
humanized antibody or antigen binding fragment that can be produced in high yield in cell

culture in less time.
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Parent Antibody Variable Domains

The present invention is applicable to modification of antibodies including
monoclonal antibodies (full-length or intact monoclonal antibodies), polyclonal antibodies,
humanized, multivalent antibodies, and multispecific antibodies (e.g., bispecific antibodies
so long as they exhibit the desired biological activity). The methods of the invention can
also be employed for improving the yield of antigen binding fragments of antibodies
including Fab, Fab’, Fd, Fd’, Fv, dAb, F(ab’),, scFv, scFv, single chain antibodies,
hingeless antibodies, diabodies, a single arm antigen binding molecule comprising one light
chain, one heavy chain and a -terminally truncated heavy chain constant region sufficient to
form a Fc region capable of increasing the half life of the single arm antigen binding
molecule, and linear antibodies.

The source or parent antibody variable domains useful in the methods of the
invention include those from naturally occurring and/ or synthetic antibodies including
monoclonal antibodies, humanized antibodies, chimeric antibodies, antibody variable
domains produced by phage display, and human antibodies. Human antibodies may be
obtained from transgenic animals having the human immune system such as produced by
Abgenix (See, e.g., U.S. Pat. Nos. 5,591,669, 5,5 89,369, 5,545,807, and 6,075,181).

In one embodiment, the source or parent antibody variable domains for the HVRs is
a non-human monoclonal antibody and the source or parent antibody variable domain for
the FR sequences is a human antibody or human subgroup consensus sequences. The FR
sequences are preferably consensus framework region sequences from a human subgroup of
antibody variable domain sequences. The HVR1 and/ or HVR2 of the non-human
monoclonal antibody are compared to the corresponding HVR1 and/or HVR2 sequences of
the human subgroup consensus sequences, and the human consensus subgroup with the
most sequence identity is selected to provide at least one of the framework region
sequences in the humanized antibody or antigen binding fragment.

The antibodies or antigen binding fragments modified in accord with the methods of
the invention have antigen binding specificity. Preferably, the antibodies of the invention
are specific to antigens that are biologically important polypeptides. More preferably, the
antibodies of the invention are useful for therapy or diagnosis of diseases or disorders in a
mammal. Full-length antibodies made according to the present invention are particularly
useful as therapeutic antibodies such as blocking antibodies, agonist antibodies or antibody
conjugates. Non-limiting examples of therapeutic antibodies include anti-VEGF, anti-IgE,
anti-CD11, anti-CD18, anti-CD40, anti-tissue factor (TF), anti-HER2, and anti-TrkC

antibodies. Antibodies directed against non-polypeptide antigens (such as tumor-associated

- glycolipid antigens) are also contemplated.
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Where the antiéen is a polypeptide, it may be a transmembrane molecule (¢.g.
receptor) or a ligand such as a growth factor. Exemplary antigens include molecules such as
renin; a growth hormone, including human growth hormone and bovine growth hormone;
growth hormone releasing factor; parathyroid hormone; thyroid stimulating hormone;
lipoproteins; alpha-l-antitrypsin; insulin A-chain; insulin B-chain; proinsulin; follicle
stimulating hormone; calcitonin; luteinizing hormone; glucagon; clotting factors such as
factor VIIIC, factor IX, tissue factor (TP), and von Willebrands factor; anti-clotting factors
such as Protein C; atrial natriuretic factor; lung surfactant; a plasminogen activator, such as
urokinase or human urine or tissue-type plasminogen activator (t-PA); bombesin; thrombin;
hemopoietic growth factor; tumor necrosis factor-alpha and -beta; enkephalinase; RANTES
(regulated on activation normally T-cell expressed and secreted); human macrophage
inflammatory protein (MIP-1 -alpha); a serum albumin such as human serum albumin;
Muellerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse
gonadotropin-associated peptide; a microbial protein, such as beta-lactamase; DNase; IgE; a
cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin; activin;
vascular endothelial growth factor (VEGF); receptors for hormones or growth factors;
protein A or D; theumatoid factors; a neurotrophic factor such as bone-derived neurotrophic
tactor (BDNE), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve
growth factor such as NGF-p; platelet-derived growth factor (PDGF); fibroblast growth
factor such as aFGF and bFGF; epidermal growth factor (EGE); transforming growth factor
(TGF) such as TGP-alpha and TGF-beta, including TGF-1, TGF-B2, TGF-p3, TGF-4, or
TGF-p5; insulin-like growth factor-I and -II (IGF-1 and IGF-II); des(1-3)-IGF-I (brain IGF-
1), insulin-like growth factor binding proteins; CD proteins such as CD3, CD4, CDg, CD19,
CD20 and CD40; erythropoietin; osteoinductive factors; immunotoxins; a bone
morphogenetic protein (BMP); an interferon such as interferon-alpha, -beta, and -gamma;
colony stimulating factors (CSFs), e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs),
e.g., IL-1 to IL-10; superoxide dismutase; T-cell receptors; surface membrane proteins;
decay accelerating factor; viral antigen such as, for example, a portion of the AIDS
envelope; transport proteins; homing receptors; addressins; regulatory proteins; integrins
such as CD11a, CD11b, CD11c, CD18, an ICAM, VLA-4 and VCAM; a tumor associated
antigen such as HER2, HER3 or HER4 receptor; and fragments of any of the above-listed
polypeptides.

Preferred antigens for antibodies encompassed by the present invention include CD
proteins such as CD3, CD4, CD8, CD19, CD20, CD34, and CD46; members of the ErbB
receptor family such as the EGF receptor, HER2, HER3 or HER4 receptor; cell adhesion
molecules such as LFA-1, Macl, p150.95, VLA-4, ICAM-1, VCAM, a4/B7 integrin, and

av/B3 integrin including either o or B subunits thereof (e.g- anti-CD11a, anti-CD18 or anti-
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CD11b antibodies); growth factors such as VEGF,; tissue factor (TF); TGF- alpha
interferon (a-IFN); an interleukin, such as IL-8; IgE; blood group antigens Apo2, death
receptor; flk2/flt3 receptor; obesity (OB) receptor; mpl receptor; CTLA-4; protein C etc.
The most preferred targets herein are VEGF, IgE, TF, CD19, CD2O0, CD40, TGF-h,
CDl11a, CD18, Apo2 and C24.

Soluble antigens or fragments thereof, optionally conjugated to other molecules, can
be used as immunogens for generating antibodies. For transmembrane molecules, such as
receptors, fragments of these molecules (e.g. the extracellular domain of a receptor) can be
used as the immunogen. Alternatively, cells expressing the transmembrane molecule can be
used as the immunogen. Such cells can be derived from a natural source (e.g. cancer cell
lines) or maybe cells which have been transformed by recombinant techniques to express
the transmembrane molecule. Other antigens and forms thereof useful for preparing
antibodies will be apparent to those in the art.

The antibodies used as starting material in the methods of the present invention
maybe monospecific, bispecific, trispecific or of greater multispecificity. Multispecific
antibodies may be specific to different epitopes of a single molecule or maybe specific to
epitopes on different molecules. Methods for designing and making multispecific
antibodies are known in the art. See, e.g., Millstein Ct at. (1983) Nature 305:537-539;
Kostelny et al. (1992) J. Immunol. 148:1547-1553; WO 93/17715.

Humanized Antibodies or Antigen Binding Fragments

The present invention is applicable to preparation of or modification of humanized
antibodies or antigen binding fragment. Various methods for humanizing non-human
antibodies are known in the art. Preferably, a humanized antibody or antigen binding
fragment has one or more amino acid residues introduced into it from a source which is non-
human. These non-human amino acid residues are often referred to as “donor” residues,
which are typically taken from an “donor” variable domain. Humanization can be
essentially performed following the method of Winter and co-workers (Jones et al. (1986)
Nature 321:522-525; Riechmann et al. (1988) Nature 332:323-327; Verhoeyen et al (1988)
Science 239:1534-1536).

Accordingly, such “humanized” antibodies are chimeric antibodies (U.S. Patent No.
4,816,567) wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in which some hypervariable region
residues and possibly some FR residues are substituted by residues from analogous sites in

rodent antibodies.
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Previous methods for preparing humanized antibodies have involved selecting
human variable domains, both light and heavy, to be used in making the humanized
antibodies. According to the so-called “best-fit” method, the entire sequence of the variable
domain of rodent antibody is screened against the entire library of known human variable-
domain sequences. The human sequence which is closest to that of the rodent antibody is
then accepted as the human framework for the humanized antibody (Sims et al. (19'93) J.
Immunol, 151:2296; Chothia et al. (1987) J. Mol. Biol. 196:901). Another method uses a
particular framework derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chains. Carter et al., (1992), Proc. Natl. Acad. Sci.
USA 89: 4285. In some cases, the framework region consensus sequences used are
subgroup III for the heavy chain and subgroup I of the kappa light chain. These subgroups
were the most commonly occurring subgroups based on the 1991 compilation of sequences
of Kabat et al. cited supra.

The methods of the invention provide for improving the process of humanization by
identifying at least one human consensus subgroup FR sequence that can be combined with
HVRs from a non-human monoclonal antibody to form a humanized antibody or antigen
binding fragment that has improved characteristics for production in cell culture. In some
embodiments, the method comprises expressing a variable domain comprising at least one
FR sequence from a selected human subgroup variable domain consensus sequence, and a
HVR1 and/or HVR2 sequence of a non-human antibody in a host cell, wherein the selected
human subgroup consensus sequence is the human subgroup consensus sequence that has a
HVR1 and/or HVR2 sequence that has the most sequence identity to the HVR1 and/or
HVR2 of the non-human antibody; and recovering the antibody variable domain from the
host cell. The antibody variable domain can be a part of an antigen binding fragment, heavy
chain. light chain, or full length completely assembled antibody.

In other embodiments, the HVR1 and/ or HVR2 of the non-human monoclonal
antibody are compared to the corresponding HVR1 and/or HVR2 sequences of the human
subgroup consensus sequences, and the human consensus subgroup with the most sequence
identity to the HVR1 and/or HVR2 of the non-human monoclonal antibody is selected to
provide at least one of the framework region sequences in the humanized antibody or
antigen binding fragment. The variable domain can be a heavy or light chain or both. A
single selected FR or more than one FR selected from the group consisting of FR1, FR2,
FR3, FR4 and mixtures thereof can be used to prepare the recombinant antibody. In one
embodiment, the recombinant antibody includes the selected FR1 of the human heavy chain
subgroup consensus sequence that has the most seqeunce identity with HVRI1 and/or HVR2
of the non-human antibody. Identifying and selecting a human consensus subgroup to use

for the source of at least one FR sequence may shorten the time required to form a
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humanized antibody or antigen binding fragment that can be produced in high yield in cell
culture. The host cells can be prokaryotic or eukaryotic.

In some embodiments, a method for preparing a humanized antibody or antigen
binding fragment comprises expressing a variable domain in a host cell, wherein the
variable domain has a substitution of at least one amino acid position proximal to a cys
residue that participates in an intrachain variable domain disulfide bond with a different
amino acid, wherein the different amino acid is the amino acid found at corresponding
position of a human subgroup variable domain consensus sequence that has a HVR1 and/or
HVR2 amino acid sequence with the most sequence identity with a corresponding HVR1
and/or HVR2 amino acid sequence of the variable domain; and recovering the antibody
variable domain from the host cell. The antibody variable domain can be a part of an antigen
binding fragment, heavy chain. light chain, or full lengfh completely assembled antibody.

In one embodiment, the method comprises comparing a HVR1 and/or HVR2 amino
acid sequence of a variable domain of a non-human antibody to a corresponding HVR1
and/or HVR2 amino acid sequence of each human subgroup variable domain consensus
sequences and selecting a human subgroup variable domain consensus sequence that has the
most sequence identity with the HVR1 and/or HVR2 sequence of the variable domain;
identifying at least one framework region to combine with the HVR1 and/HVR2 of the non-
human antibody to form a variable domain of a humanized antibody or antigen binding
fragment; further modifying the humanized antibody or antigen binding fragment by
identifying at least one amino acid position in the variable domain of the humanized
antibody or antigen binding fragment that is proximal to a cys residue that forms an
intrachain variable domain disulfide bond in the variable domain; and placing at said at least
one identified position in the variable domain the amino acid found at the corresponding
position in the selected subgroup consensus sequence to form a modified variable domain of

the humanized antibody or antigen binding fragment.

Metheds for Improving the Vield of Antibedies: Modifying FRs

A method of the invention provides for modifying the framework regions of the
variable domains of a parent antibody or antigen binding fragment to improve yield and/or
designing a variable domain for improved yield when produced in cell culture. The parent
antibody variable domain sequences for the method may be obtained from antibodies
produced by various means. A naturally occurring antibody or synthetic antibody variable
domain sequences can provide the framework to be modified. The method of the invention
can also be employed during the process of humanization to select at least one framework

region for use in the humanized antibody or antigen binding fragment.
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In some embodiments, a method comprises expressing a variable domain of the
antibody or antigen binding fragment comprising at least one modified FR in a host cell,
wherein the modified FR has a substitution of at least one amino acid position in at least one
FR with a different amino acid, wherein the different amino acid is the amino acid found at
the cdrresponding FR position of a human subgroup variable domain consensus sequence
that has a HVR1 and/or HVR2 amino acid sequence with the most sequence identity with a
corresponding HVR1 and/or HVR2 sequence of the variable domain, wherein the antibody
or antigen binding fragment with the modified FR has improved yield in cell culture
compared to an unmodified parent antibody or antigen binding fragment;and recovering the
antibody or antigen binding fragment variable domain comprising the modified framework
from the host cell. The antibody variable domain can be a part of an antigen binding

fragment, heavy chain, light chain, or full length completely assembled antibody.

In some embodiments, a method comprises expressing a variable domain of the
antibody or antigen binding fragment comprising at least one modified FR ina host cell,
wherein the modified FR is obtained by substituting at least one amino acid in a FR of a
parent variable domain of the antibody or antigen binding fragment with a different amino
acid; wherein the different amino acid is an amino acid found at the corresponding FR
position of a human subgroup variable domain consensus sequence that has a HVR1 and/or
HVR2 amino acid sequence with the most sequence identity with a corresponding HVR1
and/or HVR2 amino acid sequence of the parent variable domain to form a modified FR.
The antibody or antigen binding fragment with the modified FR has improved yield in cell
cultures compared to an antibody or antigen binding fragment comprising the parent
variable domain. The antibody or antigen binding fragment variable domain comprising the
modified framework is recovered from the host cell. The antibody variable domain can be a
part of an antigen binding fragment, heavy chain, light chain, or full length completely
assembled antibody.

In some embodiments of the invention, a method comprises, expressing a variable
domain of the antibody or antigen binding fragment comprising at least one modified FR of
a heavy chain in a host cell, wherein the modified FR has a substitution of at least one
amino acid position in at least one FR with a different amino acid, wherein the different
amino acid is the amino acid found at the corresponding FR position of a human subgroup
heavy chain variable domain consensus sequence that has a HVR1 and/or HVR2 amino acid
sequence with the most sequence identity with a corresponding HVR1 and/or HVR2
sequence of the variable domain, wherein the antibody or antigen binding fragment with the
modified FR of the heavy chain has improved yield in cell culture compared to an

unmodified parent antibody or antigen binding fragment;and recovering the antibody or
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antigen binding fragment variable domain comprising the modified framework from the
host cell. The antibody variable domain can be a part of an antigen binding fragment, heavy
¢hain, light chain, or full length completely assembled antibody.

In one embodiment of the invention, the method comprises a) comparing a HVR1
and/or HVR2 amino acid sequence of a variable domain or parent antibody or antigen
binding fragment to a corresponding HVR1 and/or HVR2 amino acid sequence of each of
human variable domain subgroup consensus amino acid sequences and selecting the
subgroup consensus sequence that has the most sequence identity with the HVR1 and/or
HVR2 amino acid sequence of the variable domain; b) identifying at least one amino acid in
a FR in the variable domain that is different from an amino acid of the corresponding
position of the selected subgroup consensus sequence; and c) substituting the at least one
amino acid so identified with the corresponding amino acid residue of the selected subgroup
consensus sequence to form a variable domain with modified framework region. The
antibody or antigen binding fragment with the modified framework region has improved
yield when produced in cell culture compared to the parent antibody or antigen binding
fragment from which it was derived.

In some embodiments, at least two or more of the residues in a FR of the variable
domain are substituted with the corresponding amino acid residues of the selected subgroup
consensus sequence, and preferably, all of the residues that are different in the FR are
substituted with the corresponding amino acids from the selected subgroup consensus
sequence. In one embodiment, all of the residues that are different in FR1 are substituted
with the corresponding amino acids from the selected subgroup consensus sequences

The parent antibody or antigen binding fragment provides variable domain
sequences as source materials for the methods of the invention. Variable domain sequences
may be known or readily ascertained using known methods. A parent antibody or antigen
binding fragment is modified in accord with the methods of the invention to improve yield
when produced in cell culture. Parent antibodies can include humanized antibody, a
chimeric antibody, a monoclonal antibody, a human antibody, a multispecific antibody,
diabodies, or an antibody generated by phage display. Antigen binding fragments can
include Fab fragments, F(ab’), fragments, scFv fragments, scFv2 fragments, a single arm
antibody comprising one light chain, one heavy chain and a N- terminally truncated heavy
chain constant region sufficient to form a Fc region capable of increasing the half life of the
single arm antigen binding molecule, or single chain antibodies.

A HVR1 and/or HVR2 amino acid sequence of a variable domain of parent
antibody or antigen binding fragment is identified and compared to the corresponding
HVRI1 and/or HVR2 amino acid sequence of each human variable domain subgroup

consensus sequences. Preferably, the HVR1 sequences are compared. A HVR1 and/or
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HVR2 amino acid sequence can be obtained from a heavy or light chain variable domain or
both. The HVR1 and/or HVR2 includes amino acids from a CDR and/or in a hypervariable
loop or both. For example, in the case of some humanized antibodies, the HC-HVR1
includes amino acids of both the CDR and hypervariable loop, i.e. amino acids 26-35.

Once the amino acid sequence of a HVR1 and/or HVR2 of a variable domain is
identified, it is aligned with the amino acid sequence at the corresponding positions in each
of the human variable domain subgroup consensus sequences. A consensus sequence for
each variable domain subgroup is derived by selecting the most frequently occurring amino
acid at each position in the known sequences of variable domains. The sequences of human
variable domains from naturally occurring antibodies have been and continue to be
compiled online and/ or in published form. A useful compilation of sequences of naturally
occurring immoglobulins is that prepared by Kabat; Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institute of Health,
Bethesda, MD (1991) and published online at immuno-bme-nwu-edu. Subgroups of the
variable domains of naturally occurring antibodies have been identified based on overall
sequence similarity. For example, Kabat has identified 3 subgroups for the human heavy
chain variable domain: Subgroup I, Subgroup II and Subgroup III. Kabat et al. supra. The
consensus sequence for a subgroup of variable domains may change as more sequences of
naturally occurring antibodies are added to the subgroup.

After aligning the HVR1 and/or HVR2 sequences, the subgroup consensus
sequence with the most sequence identity to the HVR1 and/or HVR2 amino acid sequence
of the variable domain that is to be modified is selected. Once a subgroup consensus
sequence is selected, a FR sequence of the variable domain is compared to the
corresponding FR sequence in the selected subgroup consensus sequence. The amino acid
positions in the FR where the two sequences differ are identified and at least one amino acid
position in the FR that differs is substituted with the amino acid at that position in the
selected human subgroup consensus sequence. In some embodiments, at least about 10%,
30%, 50%, 70%, 80%, 90% of the amino acid positions that differ are subjected to
substitution as described.

In one embodiment, a FR sequence of a variable domain is obtained from a heavy
chain, a light chain or both. One or more FRs selected from the group consisting of FR1,
FR2, FR3, FR4 and mixtures thereof can be substituted at at least one amino acid residue
that differs from the selected subgroup consensus sequence. A FR can be modified at one or
more than one amino acid residues. In some embodiments, at least two amino acid positions
in at least one FR are substituted with amino acids in the corresponding positions of the
selected subgroup sequence. In some embodiments, the FR is a heavy chain FR1 and one of

the identified amino acid positions is position 6 or position 23 or both, and the other position
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is selected from the group consisting of amino acid positions 1, 11,13,18, 19, and mixtures
thereof. In some embodiments, all of the amino acid positions at positions 1, 6, 11, 13, 18,
19, and 23 of the heavy chain FR1 are substituted.

A TR of the variable domain of a parent antibody or antigen binding fragment can
be modified such that it has any one of at least 50% to 100% sequence identity to the
corresponding FR sequence of the selected subgroup consensus sequence, preferably at least
50%, more preferably at least 55%, more preferably at least 60%, more preferably at least
65%, more preferably at least 70%, more preferably at least 75%, more preferably at least
80%, more preferably at least 85%, more preferably at least 90%, and most preferably at
least 95%, identical in sequence to the corresponding FR sequence of the selected subgroup
consensus sequence.

The HVR1 of a heavy or light chain can be compared to the corresponding HVR1
sequences of the human heavy or light chain subgroup consensus sequences. In one
embodiment, the heavy chain HVR1 of anti-VEGF humanized antibody VNERK ( amino
acids 26 to 35) is compared to the corresponding HVR1 sequences of the human heavy

chain subgroup consensus sequences:

Sequence HVR Alignment % Identity
Subgroup I HVRHI1: GYTFTSYAIS (SEQ ID NO: 15) 70%
VNERK HVR1: GYTFTNYGIN (SEQ ID NO: 14) 7/10
Subgroup II HVRHL: GGSVSSYWSWN (SEQ ID NO: 16) 18%
VNERK HVR1: GYTFTINYGIN. (SEQ ID NO: 14) 2/11
Subgroup III HVRH1: GFTFSSYAMS (SEQ ID NO: 17) 40%
VNERK HVR1: GYTFTNYGIN (SEQ ID NO: 14) 4/10

The human consensus subgroup having the most sequence identity with HVR1 is the
subgroup I sequence and at least one of the FR sequences of the consensus subgroup
sequence I is compared to the corresponding FR. sequence of the of the anti-VEGF antibody.
Those positions that differ between the two sequences are selected for substitutions.

In other embodiments, The HVR2 of a heavy or light chain can be compared to the
corresponding HVR2 sequences of the human heavy or light chain subgroup consensus
sequences. In one embodiment, the Kabat defined heavy chain HVR2 of anti-VEGF
humanized antibody VNERK (amino acids 50 to 65) is compared to the corresponding
HVR2 sequences of the human heavy chain subgroup consensus sequences. The human
consensus subgroup having the most sequence identity with HVR2 is the subgroup I

sequence and at least one of the FR sequences of the consensus subgroup sequence I is
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compared to the corresponding FR sequence of the of the anti-VEGF antibody. Those
positions that differ between the two sequences are selected for substitutions.

In other embodiments, the HVR1 and the HVR2 of a heavy or light chain can be
compared to the corresponding HVR1 and HVR2 sequences of the human heavy or light
chain subgroup consensus sequences. If the human consensus subgroup having the most
sequence identity with HVR1 differs from that of the HVR2 sequence, then the human
consensus subgroup having the most sequence identity with HVR1 sequence is selected.
For example, in one embodiment, the heavy chain HVR1 of anti-VEGF humanized antibody
VNERK (amino acids 26 to 35) is compared to the corresponding HVR1 sequences of the
human heavy chain subgroup consensus sequences and the Kabat defined heavy chain
HVR?2 of anti-VEGF humanized antibody VNERK (amino acids 50 to 65) is compared to
the corresponding HVR2 sequences of the human heavy chain subgroup consensus
sequences. The human consensus subgroup having the most sequence identity with HVR1
and HVR2 is the subgroup I sequence and at least one of the FR sequences of the consensus
subgroup sequence I is compared to the corresponding FR sequence of the of the anti-VEGF
antibody. Those positions that differ between the two sequences are selected for
substitutions.

In an anti-VEGF antibody (described herein) comprising amino acid subgroup III
consensus sequence in the heavy chain FR1, substitution of the FR1 subgroup III consensus
sequence with the corresponding amino acid residues of the selected human consensus
subgroup I in fhe heavy chain FR1 resulted in improved antibody yield. Conversion of the
heavy chain subgroup Il FR1 residues of this antibody to the subgroup I residues required
12 amino acid substitutions in the FR1 sequence. The modified FR sequence with all 12
substitutions has 100% sequence identity to the selected human subgroup consensus
sequence. A single amino acid substitution at a consensus sequence III residue with a
consensus sequence subgroup I residue results in a modified FR sequence that has about
56% sequence identity with the selected subgroup consensus sequence.

When the antibody to be modified in accord with the methods of the invention is a
humanized antibody or antigen binding fragment, some changes to the framework and
HVRs for improving binding affinity may have been made during the process of
humanization. For example, the humanized anti-VEGF VNERK antibody was prepared with
heavy chain consensus framework region sequences from subgroup III. In the process of
improving antibody binding affinity, seven changes were made in the framework region
sequences. When the changes at these positions were made during the process of
humanization, the amino acids substituted at each of these positions was that of the murine
antibody at the corresponding position. Four of the changes also happen to correspond to a

change from a subgroup consensus subgroup III residue to a subgroup I residue and one
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represents a conservative substitution for the subgroup I sequence. Because the humanized
antibody or antigen binding fragment may have some of the FR region substitutions at the
positions identified in accord with the methods of the invention, the improvement of the
yield may be less than that would be expected if the changes to the subgroup III sequence
had not already been made to the humanized antibody. Producing the anti-VEGF VNERK
antibody with heavy chain FR regions from the human consensus subgroup I instead of
subgroup III initially using the methods of the invention could have shortened the time to
producing an antibody that can be produced in high yield in cell culture.

In another embodiment, at least one amino acid, and preferably all, of the amino
acids in positions in the FR1 of the heavy chain variable domain that differ from the selected
subgroup consensus sequence are substituted with subgroup consensus amino acids at those
positions. For example, a humanized antibody prepared with framework regions from
heavy chain variable domain subgroup III consensus sequence can be modified as follows.
The FR1 of the heavy chain variable domain can be replaced either with the FR1 sequence
of the subgroup I or subgroup II consensus sequences depending on which subgroup
sequence has the most sequence identity with the HVR1 and/or HVR2 sequence of the
heavy chain variable domain. The human heavy chain FR1 subgroup consensus sequence
can be selected from the group consisting of SEQ. ID NO:1, SEQ ID NO:2 and SEQ ID
NO:3. As illustrated in the examples, the FR1 sequence of an anti-VEGF antibody
comprising the heavy chain subgroup III consensus FR1 sequence can be replaced with the
heavy chain subgroup I consensus FR1 by making a total of 12 amino acid substitutions at
those amino acid residues that differ between the two sequences.

The antibodies or antigen binding fragments with at least one modified framework
region amino acid formed in accord with the process of the invention are characterized by
improved yield of assembled antibody products when produced in cell culture under similar
conditions and cell types as the unmodified antibodies or antigen binding fragments. The
host cells can be prokaryotic or eukaryotic. In some embodiments, the antibodies or antigen
binding fragments with modified framework regions are produced in high yield without
detrimental effects on expression levels or on antigen binding affinity. In some cases,
further modifications to the modified antibody may be necessary, for example, to enhance
antigen binding affinity. For example, when the methods of the invention are applied to
producing a humanized antibody or antigen binding fragment, other changes to antibody
sequence may be made to improve antigen binding affinity. If improvement in antigen
binding affinity of antibodies or antigen binding fragments with modified framework
regions is necessary, it can be achieved by altering residues as needed and in accord with

methods well-known in the art (i.e., Presta et al., supra) and as described herein.
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The relative yield can be determined using standard methods such as by separating
out the antibody or antigen binding fragment produced in cell culture by SDS-PAGE,
transferring the protein to an immunoblot, and analyzing the amount of completely
assembled antibody products by scanning densitometry. The yield of the completely
assembled antibody or antigen binding fragment is improved at least about 2 fold or more,
more preferably about 2 to 4 fold, more preferably about 2 to 8 fold, and most preferably
about 2 to 16 fold when compared to the yield of unmodified antibody or antigen binding
fragment when produced under similar cell culture conditions.

In addition, the method for improved yield of antibodies can be applied to
producing a humanized antibody or antigen binding fragment for improved folding and/or
yield. The method can be applied to the humanization process and may result in decreasing
the time it takes to prepare a humanized antibody with the desired characteristics. Once a
HVRI1 and/or HVR2 amino acid sequence of a variable domain is selected, the HVR1
and/or HVR2 sequence can be aligned and compared to the corresponding sequence of each
of the human subgroup consensus sequences for that variable domain and the subgroup with
the most identity to HVR1 and/or HVR2 sequence is selected. The selected subgroup
sequence is then used to provide at least one FR sequence for the antibody or antigen
binding fragment that is being produced.

The invention also includes antibody variable domains, antigen binding fragments,
heavy chains, lights chains, and/or full length completely assembled antibodies produced or

modified in accord with the methods of the invention.

Methods for Improving Antibody Yield: Modifying Residues Proximal to a Cys
Residue that Forms an Intrachain Disulfide Bond.

Another aspect of the invention includes a method for preparing a humanized
antibody or antigen binding fragment or for improving the yield of antibodies or antigen
binding fragments when produced in cell culture by modifying at least one amino acid
residue in a variable domain proximal to a cys residue that forms an intrachain variable
domain disulfide bond. The at least one amino acid position is modified by placing in that
position a different amino acid, wherein the different amino acid is found at the
corresponding position in a human variable domain subgroup consensus sequence that has
the most sequence identity with a HVR1 and/or HVR2 amino acid sequence of the variable
domain. Modifications can be made to either the heavy chain or light chain variable
domain. The antibody variable domain so modified can be a part of an antigen binding
fragment, heavy chain, light chain, or full length completely assembled antibody. In one
embodiment, at least two positions are modified: either in a single variable domain or one

substitution in each of the heavy and light chain variable domains.
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In some embodiments, the method comprises expressing a modified variable
domain of the antibody or antigen binding fragment in a host cell, wherein the modified
variable domain has a substitution of at least one amino acid position proximal to a cys
residue that participates in an intrachain variable domain disulfide bond with a different
amino acid, wherein the different amino acid is the amino acid found at corresponding
position of a human subgroup variable domain consensus sequence that has a HVR1 and/or
HVR2 amino acid sequence with the most sequence identity with a corresponding HVR 1
and/or HVR2 amino acid sequence of the variable domain, wherein the antibody or antigen
binding fragment comprising the modified variable domain has improved yield in cell
culture compared to the antibody or antigen binding fragment; and recovering the antibody
or antigen binding fragment comprising the modified variable domain from the host cell.

A variable domain js modified at one or more amino acid positions that are
proximal to a cys residue that forms an intrachain variable domain disulfide bond.
Typically, each variable domain has a single intrachain disulfide bond between 2 cys
residues. The position of cys residues that form the intrachain disulfide bond in a variable
domain are usually at conserved positions e.g. at positions 1.23 and L88 in the light chain
and at positions H22 and H92 in the heavy chain. Amino acid positions proximal to a cys
residue are those positions that are near to the cys residue in a three-dimensional structure of
the antibody or adjacent to the cys residue in a linear sequence. A position adjacent to the
cys residue includes the two amino acid positions on either side of the cys residue in a linear
sequence. A position is near to a cys residue in a three-dimensional structure if the side
chain of the amino acid (or the a carbon for Gly) in that position is about 5 angstroms or less
from the cys residue or is a position where the amino acid in that position has lost about 10
square angstroms or more of solvent accessible surface area by contacting the cys residue.

One way to identify amino acid positions proximal to cys residues in a three-
dimensional structure involves analysis of the crystal structure of the antibody or antigen
binding fragment using a computer program such as MIDAS (available from University of
California San Francisco). To determine amino acid positions proximal to cys residues
based on a loss of surface area, computer programs such as SOLYV may be employed. If a
crystal structure of the antibody or antigen binding fragment is not available, a three-
dimensional structure based on the primary sequence may be modeled. Computer programs
are available which illustrate probable three-dimensional conformational structures of
antibody sequences.

For antibodies that have the framework regions from the same human subgroup
consensus sequence, amino acid positions proximal to the cys residues may be conserved.
For example, for antibodies that have FRs in the heavy chain with the sequence of the

human heavy chain variable domain subgroup III consensus sequence, the amino acid
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positions identified as proximal to the cys residues in the three dimensional structure of the
heavy chain include position 4, position 6, position 34, position 36 , position 78, and
position 104 (numbering according to Kabat et al., supra). For antibodies that have FRs in
the light chain with the sequence of human light chain variable domain Kappa subgroup I
consensus sequence, the amino acid positions identified as proximal to cys residues in the
three dimensional structure of the light chain include position 4, position 6, position 33,
position 35, and position 71.

Proximal residues adjacent to a cys residue can include residues in positions
adjacent to the cys residues in the linear sequence. The position of cys residues that form the
intrachain disulfide bond in a variable domain are usually at conserved positions e.g. at
positions 1.23 and 188 in the light chain and at positions H22 and H92 in the heavy chain. In
the heavy chain variable domain, amino acid positions adjacent to the cys residues include
amino acid positions 20, 21, 23, 24, 90, 91, 93, and 94. Proximal residues adjacent to a cys
residue in the light chain variable domain include residues at amino acid positions 21, 22,
24, 25, 86, 87, 89 and 90.

Once at least one amino acid position proximal to the cys residue is identified, an
amino acid from the corresponding position in the human variable domain subgroup
consensus sequence with the most sequence identity to the HVR1 and/or HVR2 amino acid
sequence of the variable domain is placed at that position if the amino acid at that position is
different from the amino acid in the variable domain. As described previously, the human
variable domain subgroup consensus sequence with the most identity is selected after the
HVR1 and/or HVR2 sequence of the variable domain of the antibody or antigen binding
fragment is aligned and compared with the corresponding sequence of each of subgroup
consensus sequences. An amino acid is placed at a position proximal to the cys residue,
typically by substituting the amino acid residue at that position with corresponding amino
acid from the selected subgroup consensus sequence.

In some embodiments, at least two positions proximal to a cys residue are modified.
The two positions can be modified in a single variable domain or two positions can be
modified by making a single substitution in a light chain variable domain and a single
substitution in a heavy chain variable domain. In some embodiments, a heavy chain
variable domain has a substitution at amino acid position 4, 6, 34, 78, or mixtures thereof.
In other embodiments, a light chain variable domain has a substitution at amino acid
positions 4, 71, or mixtures thereof. In some embodiments, a heavy chain has substitutions
at postion 6 and position 34, and a light chain has a substitution at position 4 and at position
71. In some embodiments, all of the amino acid positions proximal to a cys residue in a

heavy or light chain are substituted.
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The antibodies or antigen binding fragments with at least one modification to at
least one amino acid proximal to a cys residue formed in accord with process of the
invention are characterized by improved yield of assembled antibody or antigen binding
fragment when produced in cell culture. Preferably, the antibodies or antigen binding
fragments have improved yield with minimal, if any, detrimental effect on expression levels,
the antigen binding affinity, biological activity and/or physicochemical properties. If
improvement in antigen binding affinity of antibodies with modified framework regions is
needed it can be achieved by altering HVR residues as needed and in accord with methods
known in the art, for example as described by Presta et al, supra. The relative yield can be
determined using standard methods such as by separating out the antibody product produced
in cell culture by SDS-PAGE, transferring the protein to an immunoblot, and analyzing the
amount of assembled antibody products by scanning densitometry. The yield of assembled
antibody products is improved at least about 2 fold or more, more preferably, about 2 to 4
fold, about 2 to 8 fold and most preferably about 2 to 16 fold when compared to the yield of
unmodified antibody or antigen binding fragment when produced under similar cell culture
conditions.

In addition, the method for improving the yield of antibodies can be applied to
producing an antibody or antigen binding fragment, for example, a humanized antibody or
antigen binding fragment, for improved folding and yield. Once a HVR1 and/or HVR2
region sequence of a variable domain is selected, the HVR1 and/or HVR2 sequence can be
aligned and compared to the corresponding sequence of each of the human subgroup
consensus sequences and the subgroup with the most identity to HVR1 and/or HVR2
sequence selected. The selected subgroup éequence is then used to identify an amino acid(s)
to place in at least one amino acid position, preferably all of the positions, proximal to the
cys residues that form an intrachain disulfide bond for the antibody or antigen binding
fragment in the humanized antibody or antigen binding fragment.

The invention also includes antibody variable domains, antigen binding fragments,
heavy chains, lights chains, and/or full length completely assembled antibodies produced or

modified in accord with the methods of the invention.

Methods for Preparing Antibodies or Antigen Binding Fragments with Modified
Framework Region Residnes

When the methods of the invention are applied to antibodies or antigen binding
fragments whose sequences are known or readily ascertainable using known methods,
targeted substitutions are made in at least one FR residue and/ or in at least one amino acid

position proximal to cys residues that form an intrachain disulfide bond. The antibodies
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with amino acid substitutions in the variable domain can be prepared synthetically or by
using recombinant methods.

For recombinant methods, nucleic acid sequences encoding variable domains of
heavy and light chains are prepared using standard methods. The sequences of the variable
domains of many naturally occurring antibodies and the human subgroup consensus
sequences are known and sequences of humanized or antigen binding fragments can be
readily determined by standard methods. Nucleic acid molecules encoding variable
domains with at least one modification in the framework region and/or with substitutions at
one or more positions proximal to cys residues are prepared by a variety of methods known
in the art. These methods include, but are not limited to, isolation from a natural source (in
the case of naturally occurring amino acid sequence variants), synthesis, or preparation by
oligonucleotide-mediated mutagenesis, site-directed mutagenesis, PCR mutagenesis, and
cassette mutagenesis of a parent variable domain of an antibody or antigen binding
fragment.

Using recombinant methods, a polynucleotide molecule encoding the heavy and
light chain variable domain of the antibody is modified using standard methods. For
example, the polynucleotide molecule encoding the heavy and/or light chain variable
domain can be modified in a single step using a double stranded oligonucleotide encoding
one or more amino acid substitutions according to the method described by Carter et al.,
PNAS 89:4285 (1992) or as described in U.S. Patent No. 5,747,662.

The variable domains of the invention have one or more amino acid substitutions in
FR residues and/or in positions proximal to cys residues of the variable domain. A FR of
the variable domain of a parent antibody or antigen binding fragment can be modified such
that it has any one of 50% to 100% sequence identity to the corresponding FR sequence of
the selected subgroup consensus sequence, preferably at least 50%, more preferably at least
55%, more preferably at least 60%, more preferably at least 65%, more preferably at least
70%, more preferably at least 75%, more preferably at least 80%, more preferably at least
85%, more preferably at least 90%, and most preferably at least 95%, identical in sequence
to the corresponding FR sequence of the selected subgroup consensus sequence.

A variable domain of a parent antibody or antigen binding fragment can be
modified so that it has anyone of 50% to 100% sequence identity to the corresponding
variable domain of the parent antibody, preferably at least 50%, more preferably at least
55%, more preferably at least 60%, more preferably at least 65%, more preferably at least
70%, more preferably at least 75%, more preferably at least 80%, more preferably at least
85%, more preferably at least 90%, and most preferably at least 95%, identical in sequence
to the corresponding variable domain sequence of the parent antibody or antigen binding

fragment.
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When an entire framework region is substituted at all of the residues that differ from
the selected human consensus subgroup, more than one amino acid substitution may be
made in the framework region to form a modified framework region that can be used to
construct a variable domain or replace the framework region in a variable domain of a
parent antibody or antigen binding fragment that has the HVR1 and/or HVR2 amino acid
sequence. When more than one FR selected from the group consisting of FR1, FR2, FR3
and FR4 regions are modified to correspond to the sequence for the selected human
consensus sequence, multiple amino acid substitutions may be made to form modified
framework regions that can be used to replace framework regions in antibodies or antigen
binding fragments with the selected HVR1 and/or HVR2 sequence or to construct a new
variable domain.

Once variable domains are modified or prepared in accord with the methods of the
invention, they can be combined with the appropriate constant domains to form a full length
heavy or light chain using methods known to those of skill in the art. DNA constructs
encoding the heavy and light chains can be coexpressed in host cells for production of
completely assembled full length antibodies. The modifications can be in either the heavy or

light chain variable domains or both.

Additional Modifications

In another aspect of the invention, antibodies or antigen binding fragments with
additional amino acid sequence modification(s) are contemplated. For example, it may be
desirable to improve the binding affinity and/or other biological properties of the antibody
besides improved yield. These modifications may be made at amino acid positions other
than at amino acid positions proximal to a cys residue that participates in an intrachain
variable domain disulfide bond or at amino acid positions in one or more of the framework
regions that have been identified and modified in accord with the process of the invention.

Another type of amino acid sequence modification is amino acid substitution at
residues other than the selected FR residues or other than at amino acid positions proximal
to cys residues that participate in an intrachain variable domain disulfide bond. The sites of
greatest interest for substitutional mutagenesis include the hypervariable regions, but FR
alterations are also contemplated, especially those that improve binding affinity. When the
methods of the invention are used to produce a humanized antibody or antigen binding
fragment, it may be desirable to make further modification to the antibody sequence after at
least one FR has been selected in accord with the methods of the invention, for example, to
enhance affinity. When the methods of the invention are applied to humanized antibodies,
the human consensus framework sequences may have been modified to improve antigen

binding affinity in the process of humanization. Some of those modifications may occur at
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amino acid positions other than the selected FR residues such as at FR positions that have
amino acids that do not differ between the selected subgroup consensus sequence and the
parent variable domain FR sequence.

Conservative substitutions are shown in Table 1 under the heading of “preferred
substitutions”. If such substitutions result in a change in biological activity, then more
substantial changes, denominated “exemplary substitutions” as shown in Table 1, or as
further described below in reference to amino acid classes, may be introduced and the

products screened, for example for improved binding affinity.

TABLE 1
Original Residue Exemplary Substitutions Exemplary Substitutions
Ala (A) ‘ val; leu; lie val ‘
Arg (R) lye; gln; asn lys
Asn (N) gln; his; asp; lys; arg gln
Asp (D) glu; asn ' glu
Cys (C) ser; ala ser
Gln (Q) asn; glu asn
Gly (G) ala ala
His (H) asn; gln; lys; arg arg
Ile leu; val; met; ala; phe; norleucine | leu
Leu (L) norleucine; ile; val; met; ala; phe ile
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (S) thr; cys cys
Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; ala; norleucine leu

 Substantial modifications in the biological properties of the antibody are

accomplished by selecting substitutions that differ significantly in their effect on
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge of hydrophobicity of the
molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues are
divided into groups based on common side-chain properties:

) hydrophobic: norleucine, met, ala, val, leu, ile;

()] neutral hydrophilic: cys, ser, thr;

3) acidic: asp, glu;

G)) basic: asn, gln, his, lys, arg;

%) residues that influence chain orientation: gly, pro; and

6) aromatic: trp, tyr, phe.
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Non-conservative substitutions will entail exchanging a member of one of these
classes for another class.

Any cysteine residue not involved in maintaining the proper conformation of the
antibody or not involved in forming the intrachain variable region disulfide bond also may
be substituted, generally with serine, to improve the oxidative stability of the molecule and
prevent aberrant crosslinking.

A particularly preferred type of substitutional variant involves substituting one or
more hypervariable region residues of a parent antibody (e.g. 2 humanized or human
antibody). Generally, the resulting variant(s) selected for further development will have
improved biological properties relative to the parent antibody from which they are
generated, especially antigen binding affinity. A convenient way for generating such
substitutional variants involves affinity maturation using phage display. Briefly, several
hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible amino
substitutions at each site. The antibodies thus generated are displayed from filamentous
phage particles as fusions to a gene product of M13 (e.g. gene IlI)packaged within each
particle. The phage-displayed variants are then screened for their biological activity (e.g.
binding affinity) as herein disclosed. In order to identify candidate hypervariable region
sites for modification, alanine scanning mutagenesis can be performed to identify
hypervariable region residues contributing significantly to antigen binding. Alternatively, or
additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody
complex to identify contact points between the antibody and antigen. Such contact residues
and neighboring residues are candidates for substitution according to the techniques
elaborated herein. Once such variants are generated, the panel of variants is subjected to
screening as described herein and antibodies with superior properties in one or more
relevant assays may be selected for further development.

It also may be desirable to introduce one or more amino acid modifications in an Fc
region of the antibody of the invention, thereby generating a Fc region variant. The Fc
region variant may comprise a human Fc region sequence (e.g., 2 human IgG1, 1gG2, 1gG3
or 1gG4 Fc region) comprising an amino acid modification (e.g. a substitution) at one or
more amino acid positions.

These modifications to the amino acid sequence of the antibody or antigen binding
fragment are prepared by introducing appropriate nucleotide changes into the antibody
nucleic acid, or by peptide synthesis. Such modifications include, for example, deletions
from, and/or insertions into and/or substitutions of, residues within the amino acid
sequences of the antibody. Any combination of deletion, insertion, and substitution is made
to arrive at the final construct, provided that the final construct possesses the desired

characteristics of improved yield when produced in cell culture and antigen binding
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specificity. The amino acid alterations may be introduced in the subject antibody amino

acid sequence at the time that sequence is made.

Antibody or Antigen Binding Fragment Conjugates

Another aspect of the invention contemplates that antibodies or antigen binding
fragments with a modified framework region are conjugated to another molecule. The other
molecules can include a detectable label, a purification tag, another polypeptide (for e.g., a
cytotoxic polypeptide) or a cytotoxic compound.

Amino acid sequence conjugates include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues.
Examples of terminal fusions or conjugates include an antibody with an N-terminal
methionyl residue of the antibody fused to a cytotoxic polypeptide or compound. Other
fusions of the antibody molecule include the fusion of the N- or C-terminus of the antibody
to an enzyme (e.g. for ADEPT) or a polypeptide which increases the serum half-life of the
antibody.

Vector Construction

Polynucleotide sequences encoding the immunoglobulin light and heavy chains of
the invention can be obtained using standard recombinant techniques. Desired
polynucleotide sequences may be isolated and sequenced from antibody producing cells
such as hybridoma cells. Alternatively, polynucleotides can be synthesized using nucleotide
synthesizer or PCR techniques. Once obtained, sequences encoding the light and heavy
chains are inserted into a recombinant vector capable of replicating and expressing
heterologous polynucleotides in host cells. Many vectors that are available and known in
the art can be used for the purpose of the present invention. Selection of an appropriate
vector will depend mainly on the size of the nucleic acids to be inserted into the vector and
the particular host cell to be transformed with the vector. Each vector contains various
components, depending on its function (amplification or expression of heterologous
polynucleotide, or both) and its compatibility with the particular host cell in which it resides.
The vector components generally include, but are not limited to: an origin of replication, a
selection marker gene, a promoter, a ribosome binding site (RBS), a signal sequence, the
heterologous nucleic acid insert and a transcription termination sequence.

In general, plasmid vectors containing replicon and control sequences that are
derived from species compatible with the host cell are used in connection with these hosts.
The vector ordinarily carries a replication site, as well as marking sequences that are capable
of providing phenotypic selection in transformed cells. For example, E. coli is typically

transformed using pBR322, a plasmid derived from an E. coil species. pBR322 contains
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genes encoding ampicillin (Amp) and tetracycline (Tet) resistance and thus provides easy
means for identifying transformed cells. pBR322, its derivatives, or other microbial
plasmids or bacteriophage may also contain, or be modified to contain, promoters which can
be used by the microbial organism for expression of endogenous proteins. Examples of
PBR322 derivatives used for expression of particular antibodies are described in detail in
Carter et al., U.S. Patent No. 5,648,237, and the “Examples” section herein below.

In addition, phage vectors containing replicon and control sequences that are
compatible with the host microorganism can be used as transforming vectors in connection
with these hosts. For example, bacteriophage such as \GEM.TM.-11 may be utilized in
making a recombinant vector which can be used to transform susceptible host cells such as
E. coil LE392.

An expression vector for prokaryotic host cells comprises a promoter-cistron pair or
multiple pairs. The promoter is an untranslated regulatory sequence located upstream (5°)
to a cistron that modulates the cistron’s expression. Prokaryotic promoters typically fall into
two classes, inducible and constitutive. Inducible promoter is a promoter that initiates
increased levels of transcription of the cistron under its control in response to changes in the
culture condition, e.g. the presence or absence of a nutrient or a change in temperature.
Although both constitutive and inducible promoters can be used in the present invention,
inducible promoters under tight regulation are preferred in the prokaryotic expression
vectors disclosed herein. A large number of promoters recognized by a variety of potential
host cells are well known. The selected promoter can be operably linked to cistron DNA
encoding the light or heavy chain by removing the promoter from the source DNA via
restriction enzyme digestion and inserting the isolated promoter sequence into the vector of
the invention. Both the native promoter sequence and many heterologous promoters may be
used to direct amplification and/or expression of the target genes. However, heterologous
promoters are preferred, as they generally permit greater transcription and higher yields of
expressed target gene as compared to the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the p-
galactosidase and lactose promoter systems, a tryptophan (trp) promoter system, T7
promoter, and hybrid promoters such as the rae, tacll or the frc promoter. However, other
promoters that are functional in bacteria (such as other known bacterial or phage promoters)
are suitable as well. Their nucleotide sequences have been published, thereby enabling a
skilled worker operably to ligate them to cistrons encoding the target light and heavy chains
(Siebenlist et al. (1980) Cell 20: 269) using linkers or adaptors to supply any required
restriction sites. More preferred promoter for use in this invention is the PhoA promoter.

For recombinant production of the antibody, the nucleic acid encoding it may be

isolated and inserted into a replicable vector for further cloning (amplification of the DNA)
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or for expression in cells, for example eukaryotic cells. DNA encoding the monoclonal
antibody is readily isolated and sequenced using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy
and light chains of the antibody). Many vectors are available. The vector components
generally include, but are not limited to, one or more of the following: a signal sequence, an
origin of replication, one or more marker genes, an enhancer element, a promoter, and a
transcription termination sequence, e.g., as described in U.S. Pat. No. 5,534,615 issued Jul.
9, 1996 and specifically incorporated herein by reference.

In one aspect of the present invention, each cistron within the recombinant vector
comprises a secretion signal sequence component that directs translocation of the expressed
polypeptides across a membrane. In general, the signal sequence maybe a component of the
vector, or it may be a part of the target polypeptide DNA. that is inserted into the vector.
The signal sequence selected for the purpose of this invention should be one that is
recognized and processed (i.. cleaved by a signal peptidase) by the host cell. For
prokaryotic host cells that do not recognize and process the signal sequences native to the
heterologous polypeptides, the signal sequence is substituted by a prokaryotic signal
sequence selected, for example, from the group consisting of the alkaline phosphatase,
penicillinase, or heat-stable enterotoxin II (STII) leaders, LamB, PhoE, PelB, OmpA. and
MBP. In a preferred embodiment of the invention, the signal sequences used in both
cistrons of the expression system are STII signal sequences or variants thereof.

In another aspect, the production of the antibodies or antigen binding fragments
according to the invention can occur in the cytoplasm of the host cell, and therefore does not
require the presence of secretion signal sequences within each cistron. In that regard,
immunoglobulin light and heavy chains are expressed, folded and assembled to form
functional immunoglobulins within the cytoplasm. Certain host strains (e.g., the E. coli
trxB strains) provide cytoplasm conditions that are favorable for disulfide bond formation,
thereby permitting proper folding and assembly of expressed protein subunits. Probe and
Pluckthun, Gene, 159:203 (1995).

The use of an expression system in which the quantitative ratio of expressed light
and heavy chains can be modulated in order to maximize the yield of secreted and
completely assembled antibodies or antigen binding fragments is preferred. Such
modulation is accomplished by simultaneously modulating translational strengths for light
and heavy chains. One technique for modulating translational strength is disclosed in
Simmons et al. U.S. Pat. No. 5,840,523,

Preferably, a set of vectors is generated with a range of TIR strengths for each
cistron therein. This limited set provides a comparison of expression levels of each chain as

well as the yield of assembled products under various TIR strength combinations. TIR
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strengths can be determined by quantifying the expression level of a reporter gene as
described in detail in Simmons et al. U.S. Pat. No. 5,840,523. For the purpose of this
invention, the translational strength combination for a particular pair of TIRs within a vector
is represented by (N-light, M-heavy), wherein N is the relative TIR strength of light chain
and M is the relative TIR strength of heavy chain. For example, (3-light, 7-heavy) means the
vector provides a relative TIR strength of about 3 for light chain expression and a relative
TIR strength of about 7 for heavy chain expression. Based on the translational strength
comparison, the desired individual TIRs are selected to be combined in the expression
vector constructs of the invention.

Prokaryotic host cells suitable for expressing antibodies of the invention include
Archaebacteria and Eubacteria, such as Gram-negative or Gram-positive organisms.
Examples of useful bacteria include Escherichia (e.g., E. coli), Bacilli (e.g., B. subtilis),
Enterobacteria, Pseudomonas species (e.g., P. aeruginosa), Salmonella typhimuruim,
Serratia marcescens, Klebsiella, Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus.
Preferably, gram-negative cells are used. More preferably, E. coli cells are used as hosts for
the invention. Preferred E. coli strain are strain W 3110 (Bachmann, Cellular and Molecular
Biology, vol. 2 (Washington, D.C.: American Society for Microbiology, 1987), pp. 1190-
1219; ATCC Deposit No. 27,325) and derivatives thereof, including strain 33D3 having
genotype W 3110 kan® Afhud (A tond) ptr3 laclg lacL8 ompTA(nmpc-fepE) deg P (U.S.
Pat. No. 5,639,635). Of course other strains and derivatives thereof, such as E. col; 294
(ATCC 31,446), E. coli B, E. coli 1776 (ATCC 31,537) and E. coli RV308 (ATCC 31,608)
are also suitable. These examples are illustrative rather than limiting. Methods for
constructing derivatives of any of the above-mentioned bacteria having defined genotypes
are known in the art and described in, for example, Bass et al., Proteins, 8:309-314 (1990).
It is, of course, necessary to select the appropriate bacteria taking into consideration
replicability of the replicon in the cells of a bacterium. For example, E. coli, Serratia, or
Salmonella species can be suitably used as the host when well known plasmids such as
pBR322, pBR325, pACYC177, pUC or pKN4IO are used to supply the replicon. Preferably
the host cell should secrete minimal amounts of proteolytic enzymes, and additional
protease inhibitors may desirably be incorporated in the cell culture.

Other suitable host cells are described below. In addition to prokaryotes, eukaryotic
microbes such as filamentous fungi or yeast are suitable cloning or expression hosts for
vectors encoding a modified polypeptide. Saccharomyces cerevisiae is a commonly used
lower eukaryotic host microorganism. Others include Schizosaccharomyces pombe (Beach
and Nurse, Nature, 290: 140 [1981]; EP 139,383 published 2 May 1985); Kluyveromyces
hosts (U.S. Patent No. 4,943,529; Fleer et al., Bio/Te echnology, 9:968-975 (1991)) such as,

e.g., K. lactis (MW98-8C, CBS683, CBS4574; Louvencourt et al., J. Bacteriol., 154(2):737-
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742 [1983)), K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii
(ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg
et al., Bio/Technology, 8:135 (1990)), K. thermotolerans, and K. marxianus; yarrowia (EP
402,226); Pichia pastoris (EP 183,070; Sreekrishna et al., J. Basic Microbiol., 28:265-278
[1988)); Candida; Trichoderma reesia (EP 244,234); Neurospora crassa (Case et al., Proc.
Natl. Acad. Sci. USA, 76:5259-5263 [1979]); Schwanniomyces such as Schwanniomyces
occidentalis (EP 394,538 published 31 October 1990); and filamentous fungi such as, e.g.,
Neurospora, Penicillium, Tolypocladium (WO 91/00357 published 10 January 1991), and
Aspergillus hosts such as 4. nidulans (Ballance et al., Biochem. Biophys. Res. Commun.,
112:284-289 [1983]; Tilburn et al., Gene, 26:205-221 [1983]; Yelton et al., Proc. Natl.
Acad. Sci. USA, 81: 1470-1474 [1984]) and 4. niger (Kelly and Hynes, EMBO J., 4:475-479
[1985]). Methylotropic yeasts are suitable herein and include, but are not limited to, yeast
capable of growth on methanol selected from the genera consisting of Hansenula, Candida,
Kloeckera, Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A list of specific species
that are exemplary of this class of yeasts may be found in C. Anthony, The Biochemistry of
Methylotrophs, 269 (1982).

Suitable host cells for the expression of modified antibodies are derived from
multicellular organisms. Examples of invertebrate cells include insect cells such as
Drosophila S2 and Spodoptera Sf9, as well as plants and plant cells.

Examples of useful mammalian host cell lines include Chinese hamster ovary
(CHO) and COS cells. More specific examples include monkey kidney CV1 line
transformed by SV40 (COS-7, ATCC CRL 1651); Chinese hamster ovary cells/-DHFR
(CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. US4, 77:4216 (1980)); mouse sertoli cells
(TM4, Mather, Biol. Reprod., 23:243-251 (1980)); and mouse mammary tumor (MMT
060562, ATCC CCL51).

Antibody Production

Host cells are transformed with the above-described expression vectors and cultured
in conventional nutrient media modified as appropriate for inducing promoters, selecting
transformants, or amplifying the genes encoding the desired sequences.

Transformation means introducing DNA into the prokaryotic host so that the DNA
is replicable, either as an extrachromosomal element or by chromosomal integrant.
Depending on the host cell used, transformation is done using standard techniques
appropriate to such cells. The calcium treatment employing calcium chloride is generally
used for bacterial cells that contain substantial cell-wall barriers. Another method for
transformation employs polyethylene glycol/DMSO. Yet another technique used is

electroporation.
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Prokaryotic cells used to produce the polypeptides of the invention are grown in
media known in the art and suitable for culture of the selected host cells. Examples of
suitable media include Luria-Bertani (LB) broth plus necessary nutrient supplements. In
preferred embodiments, the media also contains a selection agent, chosen based on the
construction of the expression vector, to selectively permit growth of prokaryotic cells
containing the expression vector. For example, ampicillin is added to media for growth of
cells expressing ampicillin resistant gene.

Any necessary supplements besides carbon, nitrogen, and inorganic phosphate
sources may also be included at appropriate concentrations introduced alone or as a mixture
with another supplement or medium such as a complex nitrogen source. Optionally, the
culture medium may contain one or more reducing agents selected from the group
consisting of glutathione, cysteine, cystamine, thioglycollate, dithioerythritol and
dithiothreitol.

The prokaryotic host cells are cultured at suitable temperatures. For E. coli growth,
for example, the preferred temperature ranges from about 20°C to about 39°C, more
preferably from about 25°C to about 37°C, even more preferably at about 30°C. The pH of
the medium may be any pH ranging from about 5 to about 9, depending mainly on the host
organism. For E. coli, the pH is preferably from about 6.8 to about 7.4, and more preferably
about 7.0.

If an inducible promoter is used in the expression vector of the invention, protein
expression is induced under conditions suitable for the activation of the promoter. In one
aspect of the invention, the transcription of the light and heavy chain are each under the
control of a Pho promoter. Accordingly, the transformed host cells are cultured in a
phosphate-limiting medium for induction. Preferably, the phosphate-limiting medium is the
C.R.A.P medium, as described in detail below in Examples 1 and 2. A variety of other
inducers may be used, according to the vector construct employed, as is known in the art.

Eukaryotic host cells are cultured under conditions suitable for expression of the
antibody products of the invention. The host cells used to produce the antibody or antigen
binding fragments of this invention may be cultured in a variety of media. Commercially
available media such as Ham’s F10 (Sigma), Minimal Essential Medium ((MEM), (Sigma),
RPMI-1640 (Sigma), and Dulbecco’s Modified Eagle’s Medium (DMEM), Sigma) are
suitable for culturing the host cells. In addition, any of the media described in one or more
of Ham et al., 1979, Meth. Enz. 58:44, Barnes et al., 1980, Anal. Biochem. 102: 255, USPN
4,767,704, USPN 4,657,866, USPN 4,927,762, USPN 4,560,655, or USPN 5,122,469,

WO 90/103430, WO 87/00195, and USPN Re. 30,985 may be used as culture media for the
host cells. Any of these media may be supplemented as necessary with hormones and/or

other growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as
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sodium chloride, calcium, magnesium, and phosphate), buffers (such as HEPES™),
nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™),
trace elements (defined as inorganic compounds usually present at final concentrations in
the micromolar range), and glucose or an equivalent energy source. Other supplements may
also be included at appropriate concentrations that would be known to those skilled in the
art. The culture conditions, such as temperature, pH, and the like, are those previously used
with the host cell selected for expression, and will be apparent to the ordinarily skilled
artisan.

The expressed light and heavy chain polypeptides of the present invention are
generally but not necessarily secreted into and recovered from the periplasm of the
prokaryotic host cells or from the medium of eukaryotic cells. Protein recovery typically
involves disrupting the microorganism, generally by such means as osmotic shock,
sonication or lysis. Once cells are disrupted, cell debris or whole cells may be removed by
centrifugation or filtration. The proteins may be further purified, for example, by affinity
resin chromatography. Alternatively, proteins can be transported into the culture media and
isolated therein. Cells may be removed from the culture and the culture supernatant being
filtered and concentrated for further purification of the proteins produced. The expressed
polypeptides can be further isolated and identified using commonly known methods such as
polyacrylamide gel electrophoresis (PAGE) and immunoblot assay.

In one aspect of the invention, the antibody production is conducted in large
quantity by a fermentation process. Various large-scale fed-batch fermentation procedures
are available for production of recombinant proteins. Large-scale fermentations have at
least 10 liters of capacity, preferably about 100 to 100,000 liters of capacity. These
fermentors use agitator impellers to distribute oxygen and nﬁtrients, especially glucose (the
preferred carbon/energy source). Small-scale fermentation refers generally to fermentation
in a fermentor that is no more than approximately 9 liters in volumetric capacity, and can
range from about 1 liter to about 9 liters.

In a fermentation process, induction of protein expression is typically initiated after
the cells have been grown under suitable conditions to a desired density, e.g., an ODss, of
about 180-220, at which stage the cells are in the early stationary phase. A variety of
inducers may be used, according to the vector construct employed, as is known in the art
and described above. Cells may be grown for shorter periods prior to induction. Cells are
usually induced for about 12-50 hours, although longer or shorter induction time maybe
used.

To improve the production yield and quality of the polypeptides of the invention,
various fermentation conditions can be modified. For example, to improve the proper

assembly and folding of the secreted antibody polypeptides, additional vectors
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overexpressing chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and/or
OsbG) or FkpA (a peptidylprolyl cis,trans-isomerase with chaperone activity) can be used to
co-transform the host prokaryotic cells. The chaperone proteins have been demonstrated to
facilitate the proper folding and solubility of heterologous proteins produced in bacterial
host cells. Chen et al. (1999) J. Biol. Chem. 274: 19601-19605; Georgiou et al., U.S. Patent
No. 6,083,715; Georgiou et al., U.S. Patent No. 6,027,888; Botbmano and Pluckthun (2000)
J. Biol. Chem. 275:17100-17105; Ramm and Pluckthun (2000) J. Biol. Chem. 275:17106-
17113; Arie et al. (2001) Mol. Microbiol. 39:199-210.

To minimize proteolysis of expressed heterologous proteins (especially those that
are proteolytically sensitive), certain prokaryotic host strains deficient for proteolytic
enzymes can be used for the present invention. For example, host cell strains maybe
modified to effect genetic mutation(s) in the genes encoding known bacterial proteases such
as Protease III, OmpT, DegP, Tsp, Protease I, Protease Mi, Protease V, Protease VI and
combinations thereof. Some E. coli protease-deficient strains are available and described in,
for example, Joly at al. (1998), supra; Georgiou et al., U.S. Patent No. 5 ,204,365; Georgiou
etal., U.S. Patent No. 5,508,192; Hara et al., Microbiol Drug Resistance, 2:63-72 (1996).

In one embodiment, E. col; strains deficient for proteolytic enzymes are used as host
cells in the expression system of the invention. Some of these strains are further described
in the Examples section below.

The methods of the invention also include methods expressing polynucleotides
encoding the variable domain produced or modified in accord with the methods of the
invention. In one embodiment, the method comprises expressing a polynulceotide encoding
a variable domain with at least one modified FR in 2 host cell. In another embodiment, the
method comprises expressing a modified variable domain, wherein the modified varaible
domain has a substitution of at least one amino acid proximal to a cys residue that
participtes in an intrachain variable domain disulfide bond. The polynucleotides in the
methods can further comprise an expression vector encoding both the modified variable
domain and constant domains to express a full length heavy and/or light chain. Host cells
can coexpress a polynucleotide encoding a light chain and polynucleotide encoding a heavy
chain, one or both formed in accord with the methods of the invention, so that full length

completely assembled antibodies are produced by the host cell.

Antibody Purification
In one embodiment, the antibody or antigen binding fragment produced herein is
further purified to obtain preparations that are substantially homogeneous for further assays

and uses. Standard protein purification methods known in the art can be employed. The

following procedures are exemplary of suitable purification procedures: fractionation on
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immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
chromatography on silica or on a cation-exchange resin such as DEAE, chromatofocusing.
SDS-PAGE, ammonium sulfate precipitation, and gel filtration using, for example,
Sephadex G-75.

In one aspect, Protein A immobilized on a solid phase is used for immunoaffinity
purification of the full-length antibody products of the invention. Protein A is a 41kD cell
wall protein from Staphylococcus aureas which binds with a high affinity to the Fc region
of antibodies. Lindmark et al., J. mmunol. Meth. 62:1-13 (1983). The solid phase to which
Protein A is immobilized is preferably a column comprising a glass or silica surface, more
preferably a controlled pore glass column or a silicic acid column. In some applications, the
column has been coated with a reagent, such as glycerol, in an attempt to prevent
nonspecific adherence of contaminants.

As the first step of purification, the preparation derived from the cell culture as
described above is applied onto the Protein A immobilized solid phase to allow specific
binding of the full-length antibody to Protein A. The solid phase is then washed to remove
contaminants non-specifically bound to the solid phase. Finally the full-length antibody is

recovered from the solid phase by elution.

Activity Assays

Antibody and/or antigen binding fragments modified according to methods of the
present invention can be characterized for its physical/chemical properties and biological
functions by various assays known in the art. Methods for protein quantification are well
known in the art. For example, samples of the expressed proteins can be compared for their
quantitative intensities on a Coomassie-stained SDS-PAGE. Alternatively, the specific
band(s) of interest (e.g., the full-length band) can be detected by, for example, immunoblot
gel analysis and quantitative intensities detected by scanning densitometer.

Isolated antibody or antigen binding fragments can be further characterized bya
series of assays including, but not limited to, N-terminal sequencing, amino acid analysis,
non-denaturing size exclusion high pressure liquid chromatography (HPLC), mass
spectrometry, ion exchange chromatography and papain digestion.

In certain embodiments of the invention, the antibody or antigen binding fragment
produced herein is analyzed for its biological activity. Preferably, the antibody of the
present invention is tested for its antigen binding activity. The antigen binding assays that

are known in the art and can be used herein include without limitation any direct or

competitive binding assays using techniques such as western blots, radioimmunoassays,
ELISA (enzyme linked immunosorbent assay), “sandwich” immunoassays,

immunoprecipitation assays, fluorescent immunoassays, and protein A immunoassays. An
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exemplary antigen binding assay is provided below in the Examples section. In some
embodiments, the antibody or antigen binding fragment thereof modified according to the
methods of the invention has an affinity of the antibody not significantly different from or
even better than the parent antibody from which it is derived. If improvement in antigen
binding affinity of antibodies or antigen binding fragments with modified framework
regions is necessary, it can be achieved by altering residues as needed (discussed supra).

In one embodiment, the present invention contemplates a full-length antibody that is
aglycosylated. The unique features of the antibody (i.c., having an intact Fc region, yet
lacking effector functions) make it a desired candidate for many applications in which the
halflife of the antibody in vivo is important yet the effector functions (i.e., complement and
ADCC) are unnecessary or deleterious. In certain embodiments, the Fc activities of the
produced full-length antibody are measured to ensure that only the desirable properties are

maintained.

Pharmaceutical Formulations

Therapeutic formulations of the antibody or antigen binding fragment modified
according to the methods of the invention are prepared for storage by mixing the antibody
having the desired degree of purity with optional physiologically acceptable carriers,
excipients or stabilizers (Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980)), in the form of aqueous solutions, lyophilized or other dried formulations.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, histidine and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methy] or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immnoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
sorbitol; salt-forming counter-ions such as sodium; metal complexes (e. g., Zn-protein
complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or
polyethylene glycol (PEG).

The formulation herein may also contain more than one active compound as

necessary for the particular indication being treated, preferably those with complementary
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activities that do not adversely affect each other. Such molecules are suitably present in
combination in amounts that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsule prepared, for
example, by coacervasion techniques or by lutes-facial polymerization, for example,

5 hydroxymethylcellulose or gelatin-microcapsule and poly-(methylmethaeylate)
microcapsule, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemusions. Such techniques are disclosed in Remington’s Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980).

10 The formulations to be used for in vivo administration must be sterile. This is
readily accomplished by filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers
containing the full-length antibody, which matrices are in the form of shaped articles, e.g.,

15 films, or microcapsule. Examples of sustained-release matrices include polyesters,
hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and vy ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPQT™ (injectable microspheres composed of lactic

20 acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of
rholecules for over 100 days, certain hydrogels release proteins for shorter time periods.
When encapsulated antibodies remain in the body for a long time, they may denature or
aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological

25 activity and possible changes in immunogenicity. Rational strategies can be devised for
stabilization depending on the mechanism involved. For example, if the aggregation
mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide
interchange, stabilization may be achieved by modifying sulthydryl residues, Iyophilizing
from acidic solutions, controlling moisture content, using appropriate additives, and

30 developing specific polymer matrix compositions.

Uses
The methods of the invention are useful to produce humanized antibodies and to
improve the yield of antibodies or antigen binding fragments when produced in cell culture.
35  In particular, many antibodies useful therapeutically are produced on a large scale. The
methods of the inventions are useful to improve the yield of antibodies produced in both

small and large-scale cell culture. The methods can be applied to antibodies or antigen
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binding fragments produced in prokaryotic or eukaryotic cells. The antibody products
produced by the methods of the inventions have many uses some of which are described
below.

An antibody or antigen binding fragment modified in accord with the present
invention may be used, for example, to purify, detect, and target a specific polypeptide it
recognizes, including both in vitro and in vivo diagnostic and therapeutic methods.

In one aspect, an antibody or antigen binding fragment of the invention can be used
in immunoassays for qualitatively and quantitatively measuring specific antigens in
biological samples. Conventional methods for detecting antigen-antibody binding includes,
for example, an enzyme linked immunosorbent assay (ELISA), an radioimmunoassay (RIA)
or tissue immuonhistochemistry. Many methods may use a label bound to the antibody for
detection purposes. The label used with the antibody is any detectable functionality that
does not interfere with its binding to antibody. Numerous labels are known, including the
radioisotopes P, **S, C, I, °H and 1*'1, fluorophores such as rare earth chelates or
fluorescein and its derivatives, rhodamine and its derivatives, dansyl, umbelliferone,
luceriferases, e.g., firefly luciferase and bacterial luciferase (U.S. Pat. No. 4,737,45 6),
luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase (HRP), alkaline
phosphatase, .beta.-galactosidase, glucoamylase, lysozyme, saccharide oxidases, €.g.,
glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase, heterocyclic
oxidases such as uricase and xanthine oxidase, lactoperoxidase, biotin/avidin, spin labels,
bacteriophage labels, stable free radicals, imaging radionuclides (such as Technecium) and
the like.

Conventional methods are available to bind these labels covalently to the antibody
polypeptides. For instance, coupling agents such as dialdehydes, carbodilmides,
dimaleimides, bis-imidates, bis-diazotized beozidine, and the like may be used to tag the
antibodies with the above-described fluorescent, chemiluminescent, and enzyme labels.
See, for example, U.S. Pat. No. 3,940,475 (fluorimetry) and U.S. Pat. No. 3,645,090
(enzymes); Hunter at al, Nature 144: 945 (1962); David et al. Biochemistry 13:1014-1021
(1974); Pain et al. J. Immunol. Methods 40:219-230 (1981); and Nygren Histochem. and
Cyiochem 30:407-412 (1982). Preferred labels herein are enzymes such as horseradish
peroxidase and alkaline phosphatase. The conjugation of such label, including the enzymes,
to the antibody polypeptide is a standard manipulative procedure for one of ordinary skill in
immunoassay techniques. See, for example, O’Sullivan at al., “Methods for the Preparation
of Enzyme-antibody Conjugates for Use in Enzyme Iummunoassay,” in Methods in
Enzymology, ed. J. J. Langone and H. Van Vunakis, Vol. 73 (Academic Press, New York,
N.Y., 1981), pp. 147-166. Such bonding methods are suitable for use with the antibody

polypeptides of this invention.
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Alternative to labeling the antibody, antigen can be assayed in biological fluids by a
competition immunoassay utilizing a competing antigen standard labeled with a detectable
substance and an unlabeled antibody. In this assay, the biological sample, the labeled
antigen standards and the antibody are combined and the amount of labeled antigen standard
bound to the unlabeled antibody is determined. The amount of tested antigen in the
biological sample is inversely proportional to the amount of labeled antigen standard bound
to the antibody.

In one aspect, a full-length antibody of the invention is particularly useful to detect
and profile expressions of specific surface antigens in vitro or in vivo. The surface antigen
can be specific to a particular cell or tissue type, therefore serving as a marker of the cell or
tissue type. Preferably, the surface antigen marker is differentially expressed at various
differentiation stages of particular cell or tissue types. The full-length antibody directed
against such surface antigen can thus be used for the screening of cell or tissue populations
expressing the marker. For example, the antibody of the invention can be used for the
screening and isolation of stem cells such as embryonic stem cells, hematopoietic stem cells
and mesenchymal stem cells. The antibody of the invention can also be used so detect
tumor cells expressing tumor-associated surface antigens such HER2, HER3 or HER4
receptors.

In one aspect, an antibody of the invention can be used in a method for inhibiting an
antigen in a subject suffering from a disorder in which the antigen activity is detrimental,
comprising administering to the subject an antibody of the invention such that the antigen
activity in the subject is inhibited. Preferably the antigen is a human protein molecule and
the subject is a human subject. Alternatively, the subject can be a mammal expressing the
antigen with which an antibody of the invention binds. Still further the subject can be a
mammal into which the antigen has been introduced (e.g., by administration of the antigen
or by expression of an antigen transgene). An antibody of the invention can be administered
to a human subject for therapeutic purposes. Moreover, an antibody of the invention can be
administered to a non-human mammal expressing an antigen with which the antibody cross-
reacts (e.g., a primate, pig or mouse) for veterinary purposes or as an animal model of
human disease. Regarding the latter, such animal models may be useful for evaluating the
therapeutic efficacy of antibodies of the invention (e.g., testing of dosages and time courses
of administration). Blocking antibodies of the invention that are therapeutically useful
include, for example but not limited to, anti-VEGF , anti-IgE, anti-CD 11 and anti-tissue
factor antibodies. The antibodies of the invention can be used to diagnose, treat, inhibit or
prevent diseases, disorders or conditions associated with abnormal expression and or
activity of one or more antigen molecules, including but not limited to malignant and benign

tumors; non-leukemias and lymphoid malignancies; neuronal, gust, astrocytal, hypothalamic
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and other glandular, macrophagal, epitheial, stromal and blastocoelic disorders; and
inflammatory, angiogenic and immunologic disorders.

In certain embodiments, an immunoconjugate comprising the antibody conjugated
with a cytotoxic agent is administered to the patient. Preferably, the immunoconjugate
and/or antigen to which it is bound is/are internalized by the cell, resulting in increased
therapeutic efficacy of the immunoconjugate in killing the target cell to which it binds. In a
preferred embodiment, the cytotoxic agent targets or interferes with nucleic acid in the
target cell. Examples of such cytotoxic agents include any of the chemotherapeutic agents
noted herein (such as a maytansinoid or a calicheainicin), a radioactive isotope, or a
ribonuclease or a DNA endonuclease.

Antibodies of the present invention can be used either alone or in combination with
other compositions in a therapy. For instance, the antibody may be co-administered with
another antibody, chemotherapeutic agent(s) (including cocktails of chemotherapeutic
agents), other cytotoxic agent(s), anti-angiogenic agent(s), cytokines, and/or growth
inhibitory agent(s). Where the full-length antibody inhibits tumor growth, it maybe
particularly desirable to combine the full-length antibody with one or more other therapeutic
agent(s) which also inhibits tumor growth. For instance, anti-VEGF antibodies blocking
VEGF activities may be combined with anti-ErbB antibodies (e.g. HERCEPTIN® anti-
HER2 antibody) in a treatment of metastatic breast cancer. Alternatively, or additionally,
the patient may receive combined radiation therapy (e.g. external beam irradiation or
therapy with a radioactive labeled agent, such as an antibody). Such combined therapies
noted above include combined administration (where the two or more agents are included in
the same or separate formulations), and separate administration, in which case,
administration of the full-length antibody can occur prior to, and/or following,
administration of the adjunct therapy or therapies.

The antibody or antigen binding fragment (and adjunct therapeutic agent) is/are
administered by any suitable means, including parenteral, subcutaneous, intraperitoneal,
intrapulmonary, and intranasal, and, if desired for local treatment, intralesional
administration. Parenteral infusions include intramuscular, intravenous, intraarterial,
intraperitoneal, or subcutaneous administration. In addition, the full-length antibody is
suitably administered by pulse infusion, particularly with declining doses of the antibody.
Preferably the dosing is given by injections, most preferably intravenous or subcutaneous
injections.

The antibody or antigen binding fragment composition of the invention will be
formulated, dosed, and administered in a fashion consistent with good medical practice.
Factors for consideration in this context include the particular disorder being treated, the

particular mammal being treated, the clinical condition of the individual patient, the cause of
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the disorder, the site of delivery of the agent, the method of administration, the scheduling
of administration, and other factors known to medical practitioners. Thé antibody need not
be, but is optionally formulated with one or more agents currently used to prevent or treat
the disorder in question. The effective amount of such other agents depends on the amount
of antibody present in the formulation, the type of disorder or treatment, and other factors
discussed above. These are generally used in the same dosages and with administration
routes as used hereinbefore or about from 1 to 99% of the heretofore employed dosages.

For the prevention or treatment of disease, the appropriate dosage of the antibody
(when used alone or in combination with other agents such as chemotherapeutic agents) will
depend on the type of disease to be treated, the type of antibody, the severity and course of
the disease, whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient’s clinical history and response to the antibody, and the
discretion of the attending physician. The antibody is suitably administered to the patient at
one time or over a series of treatments. Depending on the type and severity of the disease,
about 1 pg/kg to 15mg/kg (e.g. 0.Img/kg-I0mg/Is-g) of antibody is an initial candidate
dosage for administration to the patient, whether, for example, by one or more separate
administrations, or by continuous infusion. A typical daily dosage might range from about 1
pg/kg to 100 mg/kg or more, depending on the factors mentioned above. For repeated
administrations over several days or longer, depending on the condition, the treatment is
sustained until a desired suppression of disease symptoms occurs. The preferred dosage of
the antibody will be in the range from about 0.05mg/kg to about 10mg/kg. Thus, one or
more doses of about 0.5mg/kg, 2.0mg/kg, 4.0mg/kg or 10mg/kg (or any combination
thereof) may be administered to the patient. Such doses may be administered intermittently,
e.g. every week or every three weeks (e.g. such that the patient receives from about two to
about twenty, e.g. about six doses of the antibody). An initial higher loading dose, followed
by one or more lower doses maybe administered. An exemplary dosing regimen comprises
administering an initial loading dose of about 4 mg/kg, followed by a weekly maintenance
dose of about 2 mg/kg of the antibody. However, other dosage regimens maybe useful. The
progress of this therapy is easily monitored by conventional techniques and assays.

The following examples are intended merely to illustrate the practice of the present

invention and are not provided by way of limitation.
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EXAMPLES

Example 1

Heavy Chain Aggregation During
Expression and Folding of Antibodies

Antibodies produced in cell culture can accumulate intracellularly, in the periplasm
or in the extracellular medium. Antibody production typically involves expression of the
light and heavy chains in the cytoplasm, secretion into the periplasmic space, folding of the
light and heavy chains, and assembly of the folded light and heavy chains to form an
antibody molecule. Multiple covalent and non-covalent interactions occur between and
within the heavy and light chains during these folding and assembly processes. Antibody
yield can be greatly affected by the efficiency and fidelity of these processes. Following
synthesis of the heavy and light chains, protein aggregation or proteolysis can occur thereby
reducing the yield of the antibody. Solubility experiments were carried out in order to
assess the efficiency of steps in the antibody production pathway in bacterial cells for the

purpose of improving antibody yield.

Materials and Methods
A. Expression and solubilization of Anti-TF and anti-VEGF antibodies.

In order to evaluate several parameters of antibody production, including
expression, folding, assembly, and yield of antibody molecules, expression vectors encoding
anti-Tissue Factor (anti-TF) monoclonal antibody and anti-VEGE monoclonal antibody,
VNERK, were transformed into bacterial cells. Since conditions under which a protein is
soluble may provide insight into the basis of folding problems, cell cultures of transformants

were subject to various procedures to examine the solubility of heavy and light chains.

1. Transformation and Expression

Expression constructs were transformed into strain 33D3 (W3110 kan® AfhuA
(AtonA) ptr3 laclq lacL.8 ompTA (nmpc-fepE) deg P). Transformants were inoculated into 5
ml Luria-Bertani medium plus carbenicillin (50 ug/ml) and grown overnight at 30°C. Each
culture was then diluted (1:100) into C.R.A.P, phosphate-limiting media (3.57g
(NH4)2804, 0.71g NaCitrate-2H20, 1.07g KCl, 5.36g Yeast Extract (certified), 5.36g
HycaseSF-Sheffield, pH adjusted with KOH to 7.3, gs to 872 ml with SQ H20 and
autoclaved; cooled to 55°C and supplemented with 110 ml 1M MOPS pH 7.3, 11 ml 50%
glucose, 7 ml 1 M MgSO4) plus carbenicillin (50ug/ml) and grown for about 24 hours at

30°C on a culture wheel.
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2. Solubilization

For each culture, two 1 O.D.g pellets were centrifuged in a microfuge for 5
minutes. The cell pellets were then placed at —20°C until preparation. Upon removal from
—20°C, one pellet from each culture was used for the solubilization study and the other pellet
was used for the preparation of whole cell lysate. See Example 2, Section B.

The solubilization experiment consisted of a multi-step process involving lysis of
the cells and preparation of each cell fraction. Cell lysis was the first step in the process.
The 1 O.D. pellets were resuspended in 225 ul of 50 mM NaCl, 5 mM EDTA, 50 mM Tris-
HCI (pH 8) + 1 mg/ml lysozyme + 25 ul of 100 mM IAA (Iodoacetic Acid, Sigma I-2512;
to prevent disulfide shuffling). The cells were then lysed by sonicating for 2 x 2 minutes at
50% pulse (Sonics & Materials, Inc., Danbury, CT). The samples were kept in an ice water
bath during sonication to dissipate the heat generated during the process. Following
sonication, the samples were centrifuged in a microfuge for 5 minutes. At this point, the

supernatant and pellet constitute the soluble and insoluble fractions, respectively.

3. Preparation of the Soluble Fraction

For gel analysis, about 500 ul of acetone was added to 125 ul of each soluble
fraction (about half of the volume generated) to precipitate the protein. The samples were
left at room temperature for about 15 minutes followed by centrifugation for 5 minutes in a
microfuge. The protein precipitates were then each resuspended in 25 ul of dH20 + 25 ul of
2X Sample Buffer. The samples were then heated for about 3-5 minutes at about 90°C,
vortexed well and allowed to cool to room temperature. A final 5 minute centrifugation was

then done and the supernatants were transferred to clean tubes.

4, Preparation of the Insoluble Fraction

The cell pellets, or insoluble fractions, generated following sonication of the cells,
were each resuspended in 100 ul of TE (10 mM Tris pH 7.6, 1 mM EDTA) + 20 ul 10%
SDS and vortexed well. The samples were then heated at 90°C for about 3 minutes and
vortexed hard again. After cooling to room temperature, about 500 ul of acetone was added
to the samples to precipitate the protein and they were left at room temperature for about 15
minutes followed by centrifugation in a microfuge for 5 minutes. The pellets were then
resuspended in 50 ul of dH20 + 50 ul of 2X sample buffer. The samples were then heated
for about 3-5 minutes at about 90°C, vortexed well and allowed to cool to room
temperature. A final 5 minute centrifugation was then done and the supernatants,
designated SDS Soluble, were transferred to clean tubes.

The pellets from the final centrifugation of the SDS Soluble Fraction were further

processed. These pellets were each resuspended in 40 ul dH20 + 10 ul 1M DTT + 50 ul 2X
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sample buffer. The samples were then heated for about 3-5 minutes at about 90°C, vortexed
well, allowed to cool to room temperature and centrifuged for 5 minutes in a microfuge.

The supernatants, designated SDS/DTT soluble, were transferred to clean tubes.

B. Immunoblot Analysis

Following preparation, 5 ul of each sample (soluble, SDS soluble and SDS/DTT
soluble) was mixed with 1 ul of 1M DTT and loaded onto a 10 well, 1.0mm NOVEX
manufactured 12% Tris-Glycine SDS-PAGE and electrophoresed at about 120 volts for 1.5
- 2 hours. The resulting gels were then used for immunoblots.

The SDS-PAGE gels were electroblotted onto a nitrocellulose membrane
(NOVEX). The membrane was then blocked using a solution of 1X NET (150 mM NaCl, 5
mM EDTA, 50 mM Tris pH 7.4, 0.05% Triton X-100) + 0.5% gelatin for approximately 30
min. - 1 hour rocking at room temperature. Following the blocking step, the membrane was
placed in a solution of 1X NET + 0.5% gelatin + anti-Fab antibody (peroxidase—conjugated
goat IgG fraction to human IgG Fab; CAPPEL #55223). The anti-Fab antibody dilution
ranged from 1:50,000 to 1:1,000,000 depending on the lot of antibody. The membrane was
left in the antibody solution overnight at room temperature with rocking. The next morning,
the membrane was washed a minimum of 3 x 10 minutes in 1X NET + 0.5% gelatin and
then 1 x 15 minutes in TBS (20 mM Tris pH 7.5, 500 mM NaCl). The protein bands bound
by the anti-Fab antibody were visualized by using Amersham Pharmacia Biotech ECL

detection and exposing the membrane to X-Ray film.

C. Results of immunoblot analysis

Figure 1A shows the results of immunoblot analysis of different fractions from cells
expressing the anti-TF antibody. Figure 1B shows the results of immunoblot analysis of
different fractions from cells expressing the anti-VEGF (VNERK) antibody. The location
of heavy chain and light chains are designated with arrows. In both Figures 1A and 1B, lane
1 is whole cell lysate, lane 2 is the sonication-soluble fraction, lane 3 is the SDS-soluble
fraction, and lane 4 is the SDS/DTT soluble fraction.

The whole cell lysates from cells expressing anti-TF and the anti-YEGF (VNERK)
antibody, shown in lane 1 of both Figures 1A and 1B, serve as a reference for the
approximate amount of total heavy and light chain to follow through the experiment. As
seen in lane 2 in both Figures 1A and 1B, the results show that significantly more light chain
was present in the sonication-soluble fraction than heavy chain. This result suggests that a
large percentage of the expressed light chain is correctly folded. On the other hand, heavy
chain is observed primarily in the SDS soluble and SDS/DTT soluble fractions. The protein

in the SDS soluble fraction implies aggregation through hydrophobic interactions, while
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protein found in the SDS/DTT soluble fraction implies that mispaired disulfide bonds either
contribute to, or are largely responsible for, the aggregation process. A significant amount of
heavy chain was observed in the fraction that was SDS/DTT soluble. This result indicates
that following translation, much of the heavy chain forms protein aggregates that are
primarily soluble in denaturing and reducing conditions. Following heavy chain synthesis, a
significant amount of the heavy chain misfolds and aggregates, leaving free intracellular

light chain and thereby reducing antibody yield.

Example 2
Preparation of anti-VEGF Antibodies With Improved Yield

The yield of antibodies or antigen binding fragments from cells can be influenced
by the in vivo folding and/or assembly of the antibody. In order to increase antibody or
antigen binding fragment yield, the sequence of the antibody or fragment was modified and
the effect on folding and yield on the antibody was examined. As described in Example 1,
aggregation of heavy chains may contribute to a decrease in antibody folding, assembly and
yield. Targeted modification of the heavy chain variable region FR1 of anti-VEGF
antibodies was performed. Antibody variants with different human variable domain
subgroup consensus sequences in the FR1 were prepared and the yield of completely

assembled antibody products was examined.

MATERIALS AND METHODS
A. Preparation of expression vectors encoding modified anti-VEGF antibodies

To evaluate the effect of different heavy chain FR1 human subgroup consensus
sequences on the expression, folding, assembly, and yield of anti-VEGF antibodies, vectors
encoding the light and heavy chains for two different anti-VEGF antibodies, VNERK and
Y0317, were constructed. Both of these antibodies were originally constructed with
framework regions in the heavy chain from human variable domain subgroup III consensus
sequence. The FR1 subgroup III residues of the antibodies were substituted with either the
FR1 subgroup I or subgroup II residues at those positions where the sequence differed.

The human variable domain subgroup sequences can be found in the Kabat database
available at a number of locations on the internet, such as http://www/kabatdatabase/com,
and have been described in Kabat et al., Sequences of proteins of immunological interest,
Ed.5. Public Health Service, National Institutes of Health, Bethesda, MD, 1991. A
consensus variable domain sequence for each subgroup was constructed by selecting the
most frequently occurring amino acid for each position in the variable domain. The FR1

sequences corresponding to amino acids 1-25 for each subgroup are:
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Subgroupl  QVQLVQSGAEVKKPGASVKVSCKAS (SEQ ID NO: 1)
Subgroupll  QVQLQESGPGLVKPSQTLSLTCTVS (SEQ ID NO: 2)
Subgroup Il EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 3)

The anti-VEGF antibody VNERK is a higher affinity variant of the humanized anti-
VEGEF antibody described in Presta et al, Cancer Res., 57, 4593 (1997).

Anti-VEGF antibody Y0317 is described in pending U.S. Patent Application
Publication No. US2002/0032315, Application. Ser. No. 09/056,160 filed April 6,1998 and
Chen et al, (1999) J. Mol. Biol, 293:865-881. Briefly, Y0317 is a humanized antibody
isolated using phage display methods starting with a template antibody with HVRs from
murine anti-VEGF monoclonal antibody A.4.6.1; human consensus kappa subgroup I light
chain framework and constant sequences; and human consensus subgroup Il heavy chain
framework and constant sequences. The antibody sequence also has substitutions at H101Y
and S105T.

The construction of a separate cistron vector is illustrated in Figure 2 and has been
described in Simmons et al., J. Immunol. Methods 263:133-147 (2002) and in WO
02/061090 published August 8, 2002. Vectors with separate cistrons were designed to
provide independent transcription and translation of the light and heavy chain genes of an
antibody. For all vector constructions, expression cassettes encoding anti-VEGF antibody
VNERK and Y0317 heavy andllight chain sequences were cloned into the E. coli plasmid
pBR322 at the EcoRl site. Sutcliffe, Cold Spring Harbor Symp. Quant. Biol. 43:77-90
(1978).

The expression cassette in each designed vector contains at least the following basic
components: (1) pho4 promoter for the control of transcription; (2) At terminator to end
transcription; (3) the Shine-Dalgamo sequence from the E. coli #p or the heat stable
enterotoxin IT (STII) gene, or a combination of both, to facilitate translation. The basic
components of bacterial expression cassettes are known in the art and have been described
in, for example, Kikuchi et al., Nucleic Acids Res. 9(21):5671-5678 (1981) (for phoA
promoter); Scholtissek and Grosse, Nucleic Acids Res. 15:3185 (1987) (for Aty terminator);
Yanofsky et al., Nucleic Acids Res. 9:6647-6668 (1981) (for trp); Picken et al., Infect.
Immun. 42:269-275 (1983) for STID); and Chang et al., Gene 55:189-196 (1987) (for
combination use of trp and STII Shine-Dalgarno sequence). Additionally, the STII signal

sequence or silent codon variants thereof precedes the coding sequence for both light and
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heavy chains in all constructs described and directs the secretion of the protein into the
periplasm. Picken et al., Infect. Immun. 42:269-275 (1983); Simmons and Yansura, Nature
Biotechnology 14:629-634 (1996). In this design, the cistron unit for each chain is under the
control of its own PhoA promoter and is followed by a Aty terminator. Construction of
suitable vectors containing one or more of the above listed components employs standard
ligation techniques and or other molecular cloning techniques known in the art. Isolated
plasmids or DNA fragments are cleaved, tailored, and re-ligated in the form desired to
generate the plasmids required.

Separate cistron vectors encoding the heavy and light chains from anti-VEGF
antibodies VNERK and Y0317 were constructed as described in U.S. Patent No. 5,747,662.

The vector designated pxVG11VNERK is a separate cistron vector encoding the
VNERK heavy and light chain sequences. The nucleotide (SEQ ID NO: 4) and amino acid
sequences (SEQ ID NO: 5) for the heavy and light chain of VNERK are shown in Figure 15.
The vector designated pxVG2AP11 is a separate cistron vector encoding the heavy and light
chain sequences from Y0317. The nucleotide (SEQ ID NO: 6) and amino acid sequence
(SEQ ID NO: 7) for the heavy and light chains of Y0317 are shown in Figure 16.

Additional expression vectors were constructed to determine the effects of
replacement of heavy chain consensus FR1 subgroup III amino acid residues with the heavy
chain consensus subgroup I or subgroup II amino acid residues.

In order to change the heavy chain FR1 subgroup III sequence to that of the
subgroup I sequence, 12 amino acid substitutions in FR1 sequence were required in the anti-
VEGF VNERK heavy chain variable domain. Replacement of the heavy chain FR1
subgroup III consensus sequence in pxVG11VNERK with heavy chain FR1 subgroup I
consensus sequence QVQLVQSGAEVKKPGASVKVSCKAS (SEQ ID NO: 1) was
performed in a single step by replacing nucleotide sequence encoding the heavy chain FR1
subgroup III sequence with a double stranded oligonucleotide encoding the FR1 subgroup I
sequence. The resulting plasmid, pVKFR1-2, encodes heavy and light chain variable
domain amino acid sequences (SEQ ID NO: 9) shown in Figure 17. The nucleotide
sequence for pVKFR1-2 (SEQ ID NO: 8) is also shown in Figure 17.

In order to change the heavy chain FR1 subgroup ITI sequence to that of the
subgroup II sequence, 11 amino acid substitutions in FR1 sequence are required.
Replacement of the heavy chain FR1 subgroup III in pxVG11VNERK with heavy chain
FR1 subgroup II consensus sequence QVQLQESGPGLVKPSQTLSLTCTVS (SEQ ID NO:
2) was performed in a similar manner. The resulting plasmid pVKSGII, encodes heavy and
light chain variable domain amino acid sequences (SEQ ID NO: 11) shown in Figure 18.
The nucleotide sequence encoding the heavy and light chains (SEQ ID NO: 10) is also

shown in Figure 18.
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Replacement of the heavy chain FR1 subgroup III in pxVG2AP11 (Y0317 anti-
VEGF antibody) with heavy chain FR1 subgroup I sequence
QVQLVQSGAEVKKPGASVKVSCKAS (SEQ ID NO: 1) was performed in a similar
manner. The resulting plasmid, pYOFR1-2 includes the polynucleotide sequence (SEQ ID
NO: 12), encoding heavy and light chain variable domain amino acid sequences (SEQ ID
NO: 13) shown in Figure 19.

B. Expression, Folding and Yield of Humanized anti-VEGF Antibody Variants

Expression vectors as described in Section A were transformed into bacteria to
determine the expression, folding, assembly and yield of the anti-VEGF antibodies having

the indicated changes in the heavy chain FR1 sequence.

1. Shake Flask Inductions

Plasmids prepared as described in Section A were transformed into strain 33D3
(W3110 kan® AfhuA (AtonA) ptr3 laclq lacL8 ompTA (nmpc-fepE) deg P). Transformants
were inoculated into 5 ml Luria-Bertani medium plus carbenicillin (50 ug/ml) and grown
overnight at 30° C. Each culture was then diluted (1:100) into C.R.A.P. phosphate-limiting
media (3.57g (NH4)2S04, 0.71g NaCitrate-2H20, 1.07g KCl, 5.36g Yeast Extract
(certified), 5.36g HycaseSF-Sheffield, pH adjusted with KOH to 7.3, gs to 872 ml with SQ
H20 and autoclaved; cooled to 55°C and supplemented with 110 ml 1M MOPS pH 7.3, 11
ml 50% glucose, 7 ml 1 M MgSO4) plus carbenicillin (50ug/ml) and grown for about 24

hours at 30°C on a culture wheel.

2. Preparation of Samples for SDS-PAGE

Non-reduced whole cell lysates from induced cultures were prepared as follows: (1)
1 ODggo -ml pellets were centrifuged in a microfuge tube; (2) each pellet was resuspended in
90 ul TE (10mM Tris pH 7.6, ImM EDTA); (3) 10 ul of 100 mM iodoacetic acid (Sigma I-
2512) was added to each sample to block any free cysteines and prevent disulfide shuffling;
(4) 20 ul of 10% SDS was added to each sample. The samples were vortexed, heated to
about 90°C for about 3 minutes and then vortexed again. After the samples had cooled to
room temperature, about 750-1000 ul acetone was added to precipitate the protein. The
samples were vortexed and left at room temperature for about 15 minutes. Following
centrifugation for 5 minutes in a microcentrifuge, the supernatant of each sample was
aspirated off and each protein pellet was resuspended in 50 ul dH,0 + 50 ul 2X NOVEX

sample buffer. The samples were then heated for about 3-5 minutes at about 90°C, vortexed
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well and allowed to cool to room temperature. A final 5 minute centrifugation was then
done and the supernatants were transferred to clean tubes.

Reduced samples were prepared by following steps similar to the steps described
above for non-reduced samples, except that 10 ul of IM DTT was added to the cell
resuspension solution in Step (2) and the addition of IAA was omitted in Step (3). Reducing
agent was also added to a concentration of 100 mM when the protein precipitate was
resuspended in 2X NOVEX sample buffer + dH,0.

3. Immunoblot Analysis

Following preparation, 5-10 ul of each sample was loaded onto a 10 well, 1.0 mm
NOVEX manufactured 12% Tris-Glycine SDS-PAGE and electrophoresed at about 120
volts for 1.5 - 2 hours. The resulting gels were then used for immunoblots.

The SDS-PAGE gels were electroblotted onto a nitrocellulose membrane
(NOVEX). The membrane was then blocked using a solution of 1X NET (150 mM NaCl, 5
mM EDTA, 50 mM Tris pH 7.4, 0.05% Triton X-100) + 0.5% gelatin for approximately 30
min. - 1 hour rocking at room temperature. Following the blocking step, the membrane was
placed in a solution of 1X NET + 0.5% gelatin + anti-Fab antibody (peroxidase-conjugated
goat IgG fraction to human IgG Fab; CAPPEL #55223). The anti-Fab antibody dilution
ranged from 1:50,000 to 1:1,000,000 depending on the lot of antibody. The membrane was
left in the antibody solution overnight at room temperature with rocking. The next morning,
the membrane was washed a minimum of 3 x 10 minutes in 1X NET + 0.5% gelatin and
then 1 x 15 minutes in TBS (20 mM Tris pH 7.5, 500 mM NaCl). The protein bands bound
by the anti-Fab antibody were visualized by using Amersham Pharmacia Biotech ECL
detection and exposing the membrane to X-Ray film.

The relative amounts of the completely assembled product in bands detected on the
immunoblot were measured using scanning denistometry. The net intensity (in pixels) of
each full-length completely assembled antibody band (i.e. the top band on the immunoblots)
was determined using the following tools: Kodak Digital Science Image Station 440CF,
Software: Kodak Digital Science 1D Image Analysis Software (v. 3.0.2), System:
Microsoft Windows 95. The net intensity of each of the full-length completely assembled
antibody bands for the variant antibodies with framework changes were then divided by the
net intensity of the unmodified antibody to provide a value for the yield. The unmodified or

control antibody was assigned a value of 1.

4, Large-Scale Fermentation Conditions
The organisms used for large scale fermentations included 61D6 W3110 kan®

AfhuA (AtonA) ptr3 laclq lacL.8 ompT A(nmpc-fepE) deg P as described in WO 02/061090.
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For each 10-liter fermentation, 0.5 mL of frozen stock culture (containing 10-15%
DMSO0) was thawed and used to inoculate a 2L shake flask containing 500 ml of LB
medium supplemented with either 0.5 ml of tetracycline solution (5 mg/ml) or 10 mL of
ampicillin solution (2 mg/mL) and 2.5 ml 1M sodium phosphate solution. This seed culture
was grown for approximately 16 hours at 30°C with shaking and was then used to inoculate
the 10-liter fermentor.

The fermentor initially contained approximately 7.0 liters of medium containing 1.1
g of glucose, 100 ml of 1M magnesium sulfate, 10 ml of a trace element solution (100 ml
hydrochloric acid, 27 g ferric chloride hexahydrate, 8 g zinc sulfate heptahydrate, 7 g cobalt
chloride hexahydrate, 7 g sodium molybdate dihydrate, 8 g cupric sulfate pentahydrate, 2 g
boric acid, 5 g manganese sulfate monohydrate, in a final volume of 1 liter), either 20 ml of
a tetracycline solution (5 mg/ml in ethanol) or 250 mL of an ampicillin solution (2 mg/mL),
1 bag of HCD salts, (37.5 g ammonium sulfate, 19.5 g potassium phosphate dibasic, 9.75 g
sodium phosphate monobasic dihydrate, 7.5 g sodium citrate dihydrate, 11.3 g potassium
phosphate monobasic), 200 g of NZ Amine A (a protein hydrolysate), and 100 grams of
Yeast Extract. Fermentations were performed at 30 °C with 20 slpm of air flow and were
controlled at a pH of 7.0 + 0.2 (although occasional excursions beyond this range occurred
in some cases). The back pressure of the fermentor was maintained at 1 bar gauge and the
agitation rate was set to 650 rpm. The back pressure of the fermentor and agitation rate can
also be varied to manipulate the oxygen transfer rate in the fermentor, and, consequently,
control the cellular respiration rate.

Following inoculation of the fermentor with the cell-containing medium from the
shake flask, the culture was grown in the fermentor to high cell densities using a computer-
based algorithm to feed a concentrated glucose solution to the fermentor. Ammonium
hydroxide (58% solution) and sulfuric acid (24% solution) were also fed to the fermentor as
needed to control pH. Additions of L-61 (an antifoam — others can be used) were also used
in some cases to control foaming. When the culture reached a cell density of approximately
40 OD550, an additional 100 ml of 1M magnesium sulfate was added to the fermentor.
Additionally, a concentrated salt feed (12.5 g ammonium sulfate, 32.5 g potassium
phosphate dibasic, 16.25 g sodium phosphate monobasic dihydrate, 2.5 g sodium citrate
dihydrate, 18.75 g potassium phosphate monobasic, 10 ml of 2.7% ferric chloride and 10 ml
of trace elements in a final volume of 1250 ml) was added to the fermentor and started at a
rate of 2.5 ml/min when the culture reached approximately 20 OD550 and continued until
approximately 1250 ml were added to the fermentation. Fermentations were typically
continued for 70-80 hours. During the fermentation, once the dissolved oxygen set point for
the fermentation was reached, the concentrated glucose solution was fed based on the

dissolved oxygen probe signal in order to control the dissolved oxygen concentration at the
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set point. Consequently, in this control scheme, manipulations of fermentor operating
parameters such as the agitation rate or back pressure which affect the oxygen transfer
capacity in the fermentation correspondingly also manipulated the oxygen uptake rate or
metabolic rate of the cells. A mass spectrometer was used to monitor the composition of the
off-gas from the fermentations and enable the calculation of the oxygen uptake and carbon

dioxide evolution rates in the fermentations.

5. AMES-RP Assay

Samples of the soluble fractions were submitted for analysis by an AMES-RP assay.
This assay is a dual column HPLC assay where the first column is an affinity column that
captures light chain and the second column is a reversed-phase column. An Integral
Workstation was configured in the dual column mode. The solvent reservoirs were: Solvent
1A, affinity loading buffer; Solvent 1B, reversed-phase aqueous buffer and affinity elution
buffer, 0.1% TFA in water; Solvent 2A, water; Solvent 2B, reversed-phase organic elution
buffer, 0.09% TFA/80% acetonitrile. The first column was the affinity column (30 x 2.1
min) containing an immobilized anti-light-chain (kappa) Fab antibody (AME5) immobilized
on controlled pore glass. All procedures involving the affinity column were performed at
ambient temperature. The second column was the reversed-phase column containing the
polymer based POROS R220 packing material (30 x 2.1 mm). The reversed-phase column
temperature was maintained at 60°C.

The affinity column was equilibrated in 30% loading buffer (5ml) and a 50 ul sample
was loaded at a flow rate of 0.1 ml/min. The flow-through was directed to waste. After the
sample was loaded the affinity column was washed with 30% loading buffer (2 ml), followed by
100% loading buffer (5 ml) to reduce non-specifically bound components. A final wash with
water prepared the affinity column for elution (3 ml). The affinity column was now connected
to the reversed-phase column (by valve switching) and eluted with elution buffer (2 ml) ata
flow rate of 2 ml/min to transfer the affinity captured components to the reversed phase column.
During this transfer step the Integral UV detector is located after the affinity column and before
the reversed-phase colummn and hence monitors the elution of the affinity column (which
becomes the load to the reversed-phase column). In addition to this detector, a second detector
was added after the reversed-phase column to monitor its flow-through to confirm that all the
components eluted from the affinity column were in fact captured by the reversed-phase
column.

Re-equilibration of the affinity column was subsequently performed with loading buffer
(4 ml) after removing its connection to the reversed-phase column.

The loaded reversed-phase column was washed with aqueous 0.1% TFA (2 ml). The

flow rate was set to 1 ml/min and a rapid gradient (1 min) was run to 35% solvent 2B (0.1%
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TFA/80% acetonitrile) followed by a shallow gradient to 50% solvent 2B over 14 min. Elution
is completed by a gradient to 90% solvent 2B over 4 min. The reversed phase column was then
returned to initial conditions over 1 min. and re-equilibrated for 3 min at 2 ml/min. The column
eluate was monitored at 280 and 214 nm. Quantitation was performed by comparison of the

integrated peak areas with those of standards of known concentrations.

6. Antibody Binding Affinity Assays
BIAcore™ binding analysis

The VEGF-binding affinities of full length antibodies produced in bacterial cells
were calculated from association and disassociation rate constants measured using a
BIAcore™-2000 surface plasmon resonance system (BIAcore, Inc., Piscataway, NJ) as
described in Chen et al, (1999)J. Mol. Bio. 293:865-881). A biosensor chip was activated
for covalent coupling of VEGF using N-¢thyl-N’~(3-dimethylaminopropyl)-carbo-dimide
hydrochloride (EDC) and N-hydroxysuccinimid (NHS) according to the supplier’s
(BIAcore, Inc., Piscataway, NJ) instructions. VEGF (109) or VEGF (165) was buffer-
exchanged into 20 mM sodium acetate, pH 4.8 and diluted to approximately 50 pl/minute to
achieve approximately 700-1400 response units (RU) of coupled protein. A solution of 1 M
ethanolamine was injected as a blocking agent.

For kinetics measurements, twofold serial dilutions of full length antibodies were
injected in PBS/Tween buffer (0.05% Tween-20 in phosphate-buffered saline) at 25°C or
37°C at a flow rate of 10 ul/minute. Equilibrium dissociation constants, K4 values from

SPR measurements were calculated as ky/kon.

C. Results

Figure 3 shows the results of a representative immunoblot of lysates from induced
cells transformed with pxVG11VNERK (SGIll/lane 1), pVKFR1-2 (SGV/lane 2), and
pVKSGII(SGIVlane 3); lane 4 is a negative control (cells transformed with the plasmid,
pBR322). Samples were prepared under reduced or non-reduced conditions. In Figure 3A,
lysates prepared under reduced conditions are shown. Locations of the heavy and light
chains are shown. In Figure 3B, nonreduced lysates were separated on a polyacrylamide
gel. The drawings to the right of the figure refer to the various antibody structures,
including the completely assembled full-length product, various species lacking one or more
disulfide bonds including a heavy-light band, monomeric heavy chain, light chain dimer and
monomeric light chain, and the relative migration of these structures on the non-reducing
gel. The band at the top of the non-reducing gel typically represents the full-length
completely disulfide bonded antibody product.

69



WO 2004/065417 PCT/US2004/001844

10

15

20

25

30

35

40

When the cell lysates were prepared under reducing conditions and separated, the
results show (Figure 3A) that there were no significant differences in the amounts of heavy
or light chains produced in the cells when the three antibodies were compared. When the
same cell lysates were prepared under non-reducing conditions and separated, the results
show that the unmodified antibody with heavy chain FR1 subgroup III produced a number
of products including the full-length completely assembled product. (Figure 3B, lane 1).
Replacement of the heavy chain FR1 subgroup III sequence with heavy chain FR subgroup I
sequence increased the yield of the assembled antibody products including the completely
assembled full-length product. (Figure 3B, lane 2) Replacement of heavy chain FR1
subgroup III sequence with the subgroup II sequence resulted in production of little or no
folded and assembled products. (Figure 3B, lane 3).

The yield of anti-VEGF(VNERK) antibody with the FR1 subgroup I sequence was
about 2 fold greater than the anti-VEGF(VNERK) antibody with subgroup IIT FR1
sequences based on densitometer scans of the completely assembled bands as shown in

Table 2 below. The value of n is the number of different gels that were scanned.

TABIE 2
xVEGF (VNERK)
Plasmid Yield
pxVG11VNERK (FR1=SGIII) 1
pVKFR1-2 (FR1=SGI) 2.2 +/- 0.2 (n=9)
pVKSGII (FR1=SGII) Band not detected (n=2)
xVEGF (Y0317)
Plasmid Yield
pxVG2AP11 (FR1=SGIII) 1
pYOFR1-2 (FR1=SGI) 8.2+-1.9 (n=2)

These results show that replacement of heavy chain FRI subgroup Il sequences
with heavy chain FR1 subgroup I sequences in anti-VEGF antibody VNERK increases the
yield of completely assembled antibody products. The results from the samples separated
under reducing conditions indicate approximately equivalent amount of heavy and light
chains were produced in these cells. The increase in full-length completely assembled
antibody products demonstrated by the non-reduced samples (Figure 3B, lane 2) combined
with essentially unchanged overall expression level of heavy and light chains demonstrated
by the reduced samples (Figure 3A, lane 2) suggests that the substitution of heavy chain
FR1 residues resulted in an increase in folding and/or assembly efficiency which may

account for the observed increase in yield.
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To determine if the FR1 subgroup substitutions had any effect on the binding
affinity for VEGF antigen, an affinity assay was performed using the expressed antibodies
obtained from bacterial cells. VNERK antibodies having the original FR1 subgroup III
sequence (pxVG11VNERK) and the subgroup I sequence substitution (pVKFR1-2) showed
no significant difference in binding affinity for the VEGF antigen. The anti-VEGF antibody
with subgroup III had a binding affinity of 0.12 nM and the anti-VEGF with subgroup I had
a binding affinity of 0.19 nM (data not shown).

Figure 4 shows the results of immunoblot analysis of lysates from induced cells
transformed with pxVG2AP11 (Y0317 antibody) (original FR1-SGII/lane 1) or pYOFR1-2
(new FR1-SGI/lane 2). The reduced samples, shown in Figure 4A, demonstrate that
approximately equivalent levels of heavy and light chain are expressed from both
constructs. Non-reduced lysates were also separated on a polyacrylamide gel as shown in
Figure 4B. The results in Figure 4B demonstrate that replacement of the heavy chain FR1
subgroup III sequence with the FR1 subgroup I sequence increases the yield of the folded
Y0317 antibody. As shown in Table 2, the yield of the completely disulfide bonded product
was increased about 8 fold over the antibody with the subgroup III sequence. As stated
previously for anti-VEGF VNERK, this increased yield is likely due to improved heavy
chain folding and /or assembly efficiency.

The results show that replacement of the heavy chain FR1 subgroup III consensus
sequence with the subgroup I consensus sequence in two different anti-VEGF antibodies,
VNERK and Y0317, improved the yield of assembled antibody. The substitutions did not
significantly alter the amount of heavy and light chains expressed and did not significantly
change the antigen binding affinity of the anti-VEGF VNERK antibody. Additionally, in
contrast to the subgroup I replacement, the replacement of the FR1 subgroup III consensus
sequence with the subgroup II consensus sequence significantly reduced the yield of
assembled antibody.

Similar results are seen when the antibodies were produced in cells by large scale
fermentation methods. Bacterial cells transformed with plasmids encoding anti-VEGF
antibody VNERK (pxVG11VNERK; Fermentation run #AB422) and anti-VEGF antibody
VNERK antibody modified to have heavy chain FR1 subgroup I consensus sequence
(pVKFR1-2; Fermentation runs #AB249 and # AB444) were grown under large scale
fermentation conditions. The results are shown in Figure 14. In Figure 14A, the non-
reduced soluble fraction samples from bacterial paste were run on a SDS-PAGE and stained
with Coomassie Blue. In Figure 14B, the SDS-PAGE immunoblot of the non-reduced
lysates stained with detectably labeled anti-Fab antibody is shown. The results show that
there was an increase in yield in the anti-VEGF VNERK antibody with heavy chain FR1

subgroup I consensus sequence when produced on a large scale. The soluble fractions were
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also submitted for AMESRP assay. No peak was detectable for the soluble fraction sample
from cells transformed with plasmid pxVGIIVNERK (AB422). The extracts of cells
transformed with pVKFR1-2 yielded about 47 (AB249) or 49 (AB444) mg/L of antibody.
These results confirm the finding seen with smaller scale production runs and show
that an increase in antibody yield is seen when the heavy chain FR1 amino acid results are
modified from the subgroup III consensus sequence to the subgroup I consensus sequence in

anti-VEGF antibodies.

D. Selection of a heavy chain FR1 sequence for anti-VEGF antibody VNERK
based on HVR consensus subgroup I-III comparisons

The anti-VEGF antibody VNERK is a humanized antibody with HVR
region sequences from a mouse monoclonal antibody and heavy chain framework regions
from consensus sequence subgroup III. As discussed above, substitution of the heavy chain
FR1 subgroup III sequences with subgroup I sequence surprisingly resulted in a significant
increase in assembled antibody yield when the antibodies were produced in E. coli.

When the HVR1 sequence of the antibody VNERK. was compared to each of the
consensus sequence HVR1 regions of the heavy chain subgroups, it was discovered that the
HVRI region of VNERK had the most sequence identity with HVR1 region of the subgroup
I'heavy chain consensus sequence. VNERK has a heavy chain HVR1 including amino acid
residues 26-35 having the following sequence: GYTFTNYGIN. (SEQ ID NO: 14) This
sequence was compared to the corresponding residues 26-35 of each of human heavy chain
consensus sequences from subgroups I-III. The percentage identity was determined by
calculating the number of amino acids that were identical at the same position between the
VNERK sequence and each subgroup consensus sequence. The identity is based on the
total number of identical amino acids divided by the number of amino acids in the relative
HVRI1 subgroup consensus sequence. Table 3 shows alignment of these HVR1 sequences

and the percentage identity between the pairs.

TABLE 3
Sequence HVR Alignment % Identity
Subgroup I HVRH1: GYTFTSYAIS (SEQ ID NO: 15) 70%
| ] ] ’ l | | 7 / 10
VNERK HVR1: GYTFTNYGIN (SEQ ID NO: 14)
Subgroup II HVRHI: GGSVSSYWSWN (SEQ ID NO: 16) 18%
| I 2/11
VNERK HVR1: GYTFTINYGIN (SEQ ID NO: 14)
Subgroup III HVRH1: GFTFSSYAMS (SEQ ID NO: 17) 40%
I l I I 4 /10
VNERK HVR1: GYTFTNYGIN (SEQ ID NO: 14)
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The heavy chain HVR1 of anti-VEGF (VNERK) GYTFTNYGIN (SEQ ID NO: 14)
shows the most sequence identity with the HVR1 consensus sequence of Subgroup I and the
least sequence identity with the HVR1 consensus sequence of Subgroup II. As described
above, substitution of the heavy chain FR1 subgroup III of anti-VEGF (VNERK) with FR1
of subgroup I enhanced yield while substitution of FR1 with Subgroup II reduced yield.
This result suggests a correlation between the FR1 sequence selected and the yield of
assembled antibody and folding efficiency.

As part of the humanization process, several substitutions were made to the
consensus subgroup III sequences in FR2 and FR3. The substitutions at these positions
were from the corresponding position in the murine antibody. Four of the seven
substitutions also happen to involve a change from a SGIII consensus residue to a SGI

consensus residue. Table 4 shows the four FRs of VNERK following humanization.

TABLE 4

Sequence Heavy Chain Alignment
FRL
SGIIT EVQLVESGGGLVQPGGSLRLSCAAS
VNERK EVQLVESGGGLVQPGGSLRLSCAAS
FR2
SGIII WVRQAPGKGLEWV§
VNERK WVRQAPGKGLEWVE
SGI G
FR3 71 78
SGIII RFTESEDESKgTEYLQMNSLRAEDTAVYYCAB
VNERK REFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAK
SGI I AT S8 A R
FR4
SGIII WGQGTLVTVSS
VNERK WGQGTLVTVSS

Some of the changes made during humanization to improve antibody affinity were made at
positions that did not differ in amino acid sequence between the subgroup I and subgroup III
sequence, such as at position 94 (Kabat numbering). This suggests that some additional
modifications at positions other than those that differ betweend the selected subgroup
consensus sequence and the antibody variable domain sequence may be made in order
improve binding affinity in the humanized antibody or antigen binding fragment.

When applying this method to humanized antibodies or antigen binding fragments,
some of the FR region substitutions at the positions identified in accord with the methods of
the invention may have already been made to improve antigen binding affinity, the
improvement of the yield may be less than that would be expected if the changes to the
subgroup III sequence had not already been made to the humanized antibody. Designing the
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anti-VEGF VNERK antibody with heavy chain FR regions from the human consensus
subgroup I instead of subgroup III may have shortened the time to producing a humanized
antibody or antigen bidning fragment that can be produced in high yield in cell culture.
The HVRI1 sequence of the heavy chain variable domain antibody Y0317 was also
5  compared to consensus sequence HVR1 regions of each of the heavy chain subgroups. The
HVRI1 region of Y0317 had the most sequence identity with HVR1 region of the subgroup L.
Y0317 includes a heavy chain HVR1 including amino acid residues 26-35 having the
following sequence: GYDFTHYGMN. (SEQ ID NO: 18) This sequence was compared to
the corresponding residues 26-35 of each of human heavy chain consensus sequences from
10 subgroups I-III. The percentage identity was determined by calculating the number of
amino acids that were identical at the same position between the Y0317 HVR1 sequence
and each subgroup consensus sequence. The identity is based on the total number of
identical amino acids divided by the number of amino acids in the relative HVR1 subgroup
consensus sequence. Table 5 shows alignment of these HVR1 sequences and the percentage

15  identity between the pairs.

TABLE 5
Sequence HVR Alignment % Identity

Subgroup I HVRHI: GYTFTSYAIS (SEQ ID NO: 15) 50%
Y0317 HVR1: GYDFTHYGMN (SEQ ID NO: 18) 5/10
Subgroup II HVRHI: GGSVSSYWSWN (SEQ ID NO: 16) | 18%

] l
Y0317 HVR1: GYDFTHYGMN (SEQ ID NO: 18) 2/11
Subgroup III HVRHI: GFTFSSYAMS (SEQ ID NO: 17) 40%

||
Y0317 HVRL: GYDFTHYGMN (SEQ ID NO: 18) 4/10

These results suggest that FR1 sequences that provide improved antibody assembly
20  and yield can be identified by comparing the HVR1 region sequence of the antibody with
corresponding consensus sequence subgroup sequences and identifying the subgroup with

the most sequence identity to the HVR1 sequence of the antibody.

Example 3
25 Selection of a heavy chain FR1 sequence for antibodies based on comparisen of HVR1

antibody sequences to HVR1 consensus subgroup I-1IT sequences

Substitution of heavy chain FR1 consensus sequence subgroup III with consensus
sequence subgroup I in anti-VEGF antibodies increased assembled antibody yield,

30  presumably due to improved folding efficiency. Framework region sequences that provide
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for improved yield for other antibodies or antigen binding fragments can be identified based
upon identifying the consensus sequence subgroup that has the most sequence identity in the
HVRI region of the variable domain when the HVR1 region of the antibody or fragment is
compared to the corresponding HVR1 sequences of each of the subgroup consensus
sequences. The method of identifying a heavy chain FR1 sequence for increasing the yield
of antibodies based on HVR1 consensus subgroup I-III comparisons was tested for an anti-

IgE antibody, E25.

A. Identification of a heavy chain FR1 sequence for humanized anti-IgE antibody
E25 based on HVR consensus subgroup I-III comparisons

The anti-IgE antibody E25 is described in Shields R.L., et al., 1995 (Int Arch
Allergy Immunol; 107:308) and U. S. Patent No. 6,172,213. The sequence of this antibody
is provided in U.S. Patent No. 6,172,213. Antibody E25 is a humanized antibody specific
for IgE and was prepared with HVR sequences from mouse anti-human IgE monoclonal
antibody MaE11 and framework sequences from human consensus subgroup I for the kappa
light chain and human consensus subgroup III sequences for the heavy chain. As part of the
humanization process, at least one residue in the FR1 of heavy chain was changed. This
modification, A24V, changes a subgroup III residue, Alanine, to the murine residue, Valine,
at this position. The murine residue at this position also corresponds to the residue in
human variable domain subgroup II consensus sequence.

E25 includes a heavy chain variable region HVR1 including amino acid residues 26
to 35 having the following sequence: GYSITSGYSWN. (SEQ ID NO: 19) This E25 heavy
chain HVR1 sequence was compared to the each of the heavy chain HVR1 subgroup
consensus sequences I-IIT as shown below.

The alignment was performed by pairing the E25 HVR1 sequence with the
corresponding sequence in each subgroup I-IIT consensus sequence. The percentage identity
was determined by calculating the number of amino acids that were identical at the same
position between the E25 sequence and each subgroup consensus sequence. The identity is
based on the total number of identical amino acids divided by the number of amino acids in
the relative HVR1 subgroup consensus sequence. Table 6 shows alignment of these HVR1

sequences and the percentage identity between the pairs.
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TABLE 6
Sequence HVR Alignment % Identity

Subgroup I HVRHI1: GYTFTSYAIS (SEQ ID NO: 15) 40%
E25 HVR1: GYSITSGYSWN (SEQ ID NO:19) (4/10)
Subgroup II HVRH1: GGSVSSYWSWN (SEQ ID NO:16) 55%

R
E25 HVR1: GYSITSGYSWN (SEQ ID NO:19) 6/11
Subgroup III HVRHL: GFTFSSYAMS (SEQ ID NO: 17) 20%

| |
E25 HVR1: GYSITSGYSWN (SEQ ID NO:19) (2/10)

Heavy chain variable region HVR1 consensus sequence subgroup II showed the
most sequence identity with the heavy chain variable region HVR1 of the E25 antibody.

Based on this comparison, the heavy chain variable region FR1 consensus sequence
II was chosen to be imported into the E25 antibody sequence in order to determine whether
identification of a FR1 sequence according to this method would improve folding and yield

of the expressed antibody.

B. Preparation of expression vectors encoding humanized antingE antibody E25
having human subgroup II framework sequences

The heavy chain FR1 subgroup III sequence in the E25 antibody was substituted
with a consensus sequence subgroup II to determine the effect of the substitution on the
expression, folding and yield of the anti-IgE antibody E25.

Sequences of the heavy and light variable domains of E25 were subcloned into PRK
plasmids as described in U.S. Patent No. 6,172,213 B1 for generation of full-length
humanized anti-IgE molecules. The sequences for the heavy and light chains for the anti-
IgE humanized antibody were subcloned into separate cistron vector as described in
Example 2. The resulting plasmid, pE25-11, has a polynucleotide sequence (SEQ ID NO:
20) encoding heavy and light chain variable domain amino acid sequences (SEQ ID NO:
21), shown in Figure 20. The heavy chain FR1 sequences of E25 are according to subgroup
I1I, except for change A24V made as part of humanization.

Replacement of the heavy chain FR1 subgroup III sequence with the subgroup II
sequence, was performed as described previously. In order to change the FR1 subgroup IiI
consensus to the subgroup II consensus sequence, 10 amino acid substitutions were
required. The resulting plasmid, pE25-SGII, encodes heavy and light chain variable domain

amino acid sequences shown in Figure 21.
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C. Expression, Folding and Yield of Humanized anti-IgE Antibodies Having FR1
Consensus Subgroup Substitution
Expression constructs as described in Section B were transformed into bacteria to
determine expression, folding and yield of the E25 antibodies as described in Example 2.
Non-reducing and reducing SDS-PAGE and immunoblot analysis of the resulting bacterial
lysates was performed as described in Example 2, except that the samples were generated
from fermentation cell paste, not from a shake flask induction. However, the cell lysates

were obtained and processed as described previously for shake flask samples.

D. Results

Figure 5 shows the results of immunoblot analysis of lysates from induced cells
transformed with pE25-11 (E25HCFR1/SGIIL lane 2), and pE25-SGII (E25HCFR1/SGIL,
lane 3). Figure 5A shows an immunoblot analysis of the whole cell lysates prepared under
reducing conditions and separated on a polyacrylamide gel, demonstrating that
approximately equal amounts of heavy and light chains are produced from induced cells
expressing pE25-11 (E25HCFR1/SGII; lane 2), and pE25-SGII (E25FR1/SGII; lane 3).
Figure 5B demonstrates that substitution of the heavy chain FR1 Subgroup III consensus
sequence (+A24V) with the subgroup II consensus sequence results in increased yield of
assembled anti-IgE E25 antibody. This increased yield may be due to improved heavy
chain folding efficiency since, regardless of which FR1 is used, the production of the
individual heavy and light chains does not significantly change.

The relative yield of the completely disulfide bonded antibody products was
determined by scanning densitometry of the gels as described in Example 2. The results
shown in Table 7 below indicate that replacement of the FR1 subgroup III residues with
Subgroup Il residues increased antibody yield in a fermentation sample about 2 fold. In all
likelihood, the improvement would have been greater if pE25-11 did not have the A24V
change (done as part of the humanization process; Ala is the SGIII consensus residue and V
is the SGII consensus residue at position 24). This change probably improves the folding
and yield of the starting construct, pE25-11.
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TABLE 7
anti-IgE (E25)
Plasmid Yield
pE25-11 (FR1=SGIII) 1
pE25-SGII (FR1=SGII) 1.2 (n=1)
PE25-SGII (fermentation sample) 1.8 (n=1)

These results support the view that heavy chain FR1 sequences that provide for
increased antibody folding, assembly and yield can be predicted by comparing the HVR1
region sequence of the antibody with the corresponding sequences in the human variable
domain subgroup consensus sequences and identifying the subgroup with the most sequence

identity to the HVR1 sequence of the antibody.

Example 4

Heavy chain HVR1, HYRZ and HVR3 comparisons to human
subgroup heavy chain variable domain consensus sequences.

To examine whether other HVR sequences could be used to select the human
subgroup variable domain consensus sequence, a number of different antibodies were
analyzed for sequence identity in HVR sequences with the corresponding sequences in the
human subgroup variable domain consensus sequences. The heavy chain HVR1 (amino
acids 26-35), HVR2 (kabat defined,amino acids 50-65) and HVR3 ( kabat defined, amino
acids 95-102)amino acid sequences of an antibody were aligned with each of the
corresponding sequences of each of the human subgroup heavy chain variable domain
consensus sequence and the % identity calculated as described previously. The results for

each antibody are shown in Table 8 below.
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TABLE 8

SEQUENCE SIMILARITY CHART

xVEGF (VNERK) Heavy Chain
HVRI1 HVR2 HVR3
Consensus Subgroup 1 70% 44% 28%
Consensus Subgroup II 18% 28% 19%
Consensus Subgroup III 40% 26% 25%
xIgFE (E25) Heavy Chain
HVR1 HVR2 HVR3
Consensus Subgroup I 40% 33% 6%
Consensus Subgroup I 55% 50% 25%
Consensus Subgroup II 20% 47% 25%
xTF Heavy Chain
’ HVR1 HVR2 HVR3
Consensus Subgroup I 20% 44% 22%
Consensus Subgroup II 18% 28% 19%
Consensus Subgroup IIT 40% 26% 25%
xCD40 Heavy Chain
' HVR1 HVR2 HVR3
Consensus Subgroup [ 60% 44% 11%
Consensus Subgroup II 27% 28% 6%
Consensus Subgroup IIT 30% 26% 13%

The comparison shows that in 3 out of 4 cases, a comparison of the HVR1 and/or
HVR2 sequences of an antibody varaible domain resulted in the selection of the same
human subgroup variable domain consensus sequence. In cases where the HVR1 and HVR2
10 differ in the identification of the human consensus subgroup with the most sequence
identity, the consensus sequence with the most sequence identity to the HVR1 is preferably
selected. In contrast, the HVR3 amino acid sequences tend to be very diverse in both
sequence and in length when antibodies are compared to one another or to consensus
sequences and therefore, were not useful in the selection of the human subroup variable

15  domain consensus sequence.
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Example 5

Expression and Assembly of anti-VEGF VNERK
Antibodies with Single Amino Acid Substitution in FR1

A. Preparation of Humanized anti-VEGF Antibody Expression Vectors Having

Single Amino Acid Substitutions in FR1

Substitution of the FR1 heavy chain subgroup III residues with the FR subgroup I
residues in anti-VEGF antibodies increased the yield of assembled antibody. Anti-VEGF
antibodies were constructed with single amino acid substitutions at each of the FR1
subgroup III residues which were different than subgroup I residues at that position. The
FR1 subgroup III residues were compared to FR subgroup I residues and where the amino
acid differed at a position, the FR1 subgroup III residue was changed to the amino acid at
the corresponding position in the subgroup I sequence. The antibodies with single amino

acid substitutions were examined for folding efficiency and yield.

B. Preparation of Single Substitution Antibedies in Subgroup III Backbone.

The heavy chain FR1 subgroup III consensus sequence (SEQ ID NO: 3) was
compared to heavy chain FR1 subgroup I consensus sequence (SEQ ID NO: 1) as shown

below:

Subgroup ITI 123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Sequence EVQLVESGG G L V Q P G ¢ S LLh R L, S C A
I | [ | Il |

Subgroup I Q Q A E V K K A vV K V K

Sequence

RS
Ot

Single amino acid substitutions at each of residues 1, 6, 9, 10, 11, 12, 13, 16, 18, 19,
20 and 23 in the heavy chain FR1 were made one at a time to determine the effect of
substitution of the subgroup I amino acid at each position. The antibodies are identified by
the position and type of substitution made. For example, a substitution at the first residue of
the glutamic acid residue in the subgroup Il sequence for glutamine residue in the subgroup
I sequence is designated E1Q. Other antibodies with substitutions are identified in a similar
manner.

The vector designated pVKE6Q is a separate cistron vector prepared by modifying
plasmid pxVG11NERK. Single amino acid substitutions were made by oligonucleotide
mutagenesis as described previously. The heavy chain FR1 of VNERK. was modified so
that the glutamate at amino acid position 6 was converted to glutamine. Other single amino

acid substitutions were made in a similar manner.

80




WO 2004/065417 PCT/US2004/001844

10

15

20

25

C. Expression, Folding and Yield of Humanized anti-VEGF FR1 with Single
‘Amino Acid Substitutions
Anti-VEGF expression constructs were transformed into bacteria as described in
Example 2 to determine expression, folding, and yield of the anti-VEGF VNERK antibodies
having the indicated single amino acid substitutions in the heavy chain FR1 sequence.
Lysates prepared under non-reducing and reducing conditions were separated by SDS-
PAGE and immunoblot analysis of the resulting bacterial lysates was performed as

described in Example 2.

D. Results

Figure 6 shows the results of immunoblot analysis of lysates from cells expressing
the antibodies with the single amino acid substitutions in FR1 of the anti-VEGF antibody as
described above. In each blot, the antibodies were compared to the wild type VNERK
having the subgroup Il FR1 sequence (lane 1) and the VNERK antibody having the
subgroup 1 FR1 replacement (lane 8).

The results in Figure 6A and 6B show that when separated under reducing
conditions, the antibodies with single substitutions produced approximately equivalent
amounts of heavy and light chains when compared to one another. The analysis of the anti-
VEGF VNERK antibody lysates prepared under non-reducing conditions (Figures 6C and
D) show that single amino acid substitutions at E6Q and A23K increased the yield of
assembled anti-VEGF antibody about 2 fold ; E1Q, L11V, Q13K, L18V and R19K resulted
in slight improvement or were neutral; and G9A, G10E, V12K, G16A and L20V resulted in
a decrease in the yield of assembled anti-VEGF antibody. (Figures 6C and 6D).

The relative yield of the single amino acid substitution antibodies relative to the
unmodified VNERK antibody are shown in Table 9 below.
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TABLE 9
Plasmid Yield
pxVG11VNERK 1
E1Q 1.4+/-0.1 (n=4)
E6Q 1.9 +/-0.2 (n=5)
G9A band not detected (n=2)
G10E 0.3 +/-0.1 (n=2)
Liv 1.5 +/- 0.0 n=3)
V12K 0.1 +/-0.0 m=2)
Q13K 1.1 (@=1)
G16A 0.7 (n=1)
L18V 1.1 (n=1)
RI9K 1.4 (n=1)
L20V 0.2 (n=1)
A23K 2.1+/-02 @0=2)
pVKFR1-2 22 +/-0.2 (0=9)

A second series of samples was prepared under non-reducing conditions to compare
yield of assembled products for the antibodies with single amino acid substitutions E1Q,
E6Q, L11V and A23K with one another and the VNERK with unmodified subgroup I or
subgroup IIT FR1 sequences. (Figure 7B).

The results show that the improved yield was primarily seen when changes were
made at position 6 and position 23. Since each of these antibodies produced about equal
amounts of heavy and light chains, the improved yield due to change at E6Q and A23K
suggest that certain residues within the FR1 may have a greater influence on folding

efficiency than others.

Example 6

Preparation of Expression Vectors Encoding Humanized anti-VEGF
Antibodies with Substitutions at Residues Proximal to Variable
Region Disulfide Bonded Cys Residues

An important structural feature of antibody variable domains is the intrachain
variable domain disulfide bond connecting both of the B sheets formed in the antibody
variable domain. Removal of the disulfide bond residues, especially in the variable heavy
chain, results in a decrease in assembled products and an increase in aggregates (Ramon et
al., J. Mol. Biol, 290:535 (1999)). Typically, each variable domain has a single disulfide
bond between a pair of cys residues found at conserved positions. Experiments were
undertaken to determine whether any residue proximal to the disulfide bonded cys residues
could also impact the folding and assembly of antibody molecules and whether one could

predict which substitutions at those residues would improve antibody yield.
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A. Identification of Amino Acid Positions Proximal to Disulfide Bonded Cys

Residues

Positions in the antibody variable domain proximal to the disulfide bonded cys
residues in the 3-dimensional structure of the antibody were identified by inspection of the
crystal structure of humanized anti-VEGF variant Fab-12 (accession no. 1BJ1; Nucler et al.,
Structure 6:1153 (1998)) using the graphics program MIDAS (available from University of
California, San Francisco). An amino acid position in a three-dimensional structure was
considered proximal to a cys residue that forms an intrachain disulfide bond when the side
chain of the amino acid in that position (or for Gly, its alpha carbon) is about 5 angstroms or
less from the cys residue or its side chain.

The amino acid positions proximal to the disulfide bonded cys residue for the anti-
VEGF antibody variable domains were identified as follows:

In the light chain, the amino acid positions were 4, 6, 33, 35, and 71.

In the heavy chain, the amino acid positions were 4, 6, 34, 36, 78, and 104.

The anti-VEGF antibody, anti-TF antibody, anti-CD-18 antibodx, and the 4D5
antibody all have framework regions from heavy chain consensus subgroup III. A crystal
structure of each antibody was also analyzed using the program SOLV (G.S. Smith 1985,
“A computer program for the calculation of molecular volume and surface area of proteins”,
Merch, Sharpe and Dohme, Res. Laboratories, QCPE). Amino acid positions with a loss of
about 10 square angstroms or greater of solvent accessible surface area by contacting the cys
residue were selected. The same amino acid positions identified above were identified as

positions proximal to disulfide bonded cys residues in each of the variable domains.

B. Construction of anti-VEGF Antibodies with Substitutions at Positions

Proximal to Disulfide Bonded Cys Residues

Anti-VEGF antibodies were constructed with single or double mutations at one or
more of the amino acid positions identified as proximal to disulfide bonded cys residues in
the 3-dimensional structure. The anti-VEGF antibody used to construct the modified
antibodies is an anti-VEGF antibody identified as first generation wild type. The nucleotide
(SEQ ID NO: 24) and amino acid sequence (SEQ ID NO: 25) of the heavy and light chain
of anti-VEGF first generation wild type are shown in Figure 22. The starting construct is
designated pVG50. The antibodies constructed are identified below.
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M4L single substitution in the light chain
F71Y single substitution in the light chain
M341 single substitution in the heavy chain
E6Q; M34I1 double substitution in the heavy chain
A78L single substitution in the heavy chain

Amino acid residues at positions L33 and W35 in the light chain and 1.4, W36, and
G104 in the heavy chain were not substituted because the amino acid residues in these
positions are highly conserved across all subgroup consensus sequences and have the same
amino acid at that position. Results from Example 5 show that the E6Q mutation greatly
increased the yield of assembled product and was not tested as single mutation in this
example.

The amino acid at position 78 in the first generation “wt” anti-VEGF antibody was
changed from the consensus subgroup III residue leucine to the murine residue alanine at
that position as a part of humanization of the antibody and to improve affinity of the
antibody. Presta et al., Cancer Res., 57:4593-4599 (1997). Thus, the first generation wt
antibody has an alanine at position 78 which corresponds to the amino acid found at that
position in the subgroup I consensus sequence. The variant antibody A78L shown above
has a substitution changing the subgroup I amino acid, Ala, of the first generation wt parent
antibody back to the subgroup III amino acid, leucine at position 78.

Once the amino acid positions proximal to the cys residues were identified, single or
double amino acid substitutions were made. The amino acid that was selected for
substitution at each position was the amino acid found at the corresponding position in
subgroup I sequence, except for position 78. The first generation wt anti-VEGF antibody
heavy chain has a HVR1 sequence that has more sequence identity to consensus subgroup I
HVRI1 sequence than the subgroup III sequence. Thus, the amino acid substituted was the
amino acid found at that position in the subgroup I sequence.

The anti-VEGF antibody Y0317 was also substituted at residue M34 in the heavy
chain and F71 in the light chain. The M34 residue (subgroup IIT) was substituted with
isoleucine (subgroup I). The F71 residue (subgroup II) was substituted with tyrosine.

Anti-VEGF antibody VNERK antibodies were constructed with the subgroup I
amino acid at position 78 (A78), with the subgroup Il amino acid at position 78 (F78), and
the subgroup III amino acid at position 78 (L78).

The antibodies modified as described above were prepared by using the vectors
described previously; anti-VEGF (VNERK) (Figure 15, SEQ ID NO: 5; and anti-VEGF
Y0317 (Figure 16, SEQ ID NO: 6). The first generation wt anti-VEGF nucleotide and

amino acid sequence is provided in Figure 22.
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C. Expression, Folding and Yield of Humanized anti-VEGF with Substitutions at
Positions Proximal to Disulfide Bonded Cys Residues
Expression constructs were transformed into bacteria to determine expression,
folding and yield of the anti-VEGF antibodies as described in Example 2. Non-reducing
and reducing lysates were separated by SDS-PAGE and immunoblot analysis of the

resulting bacterial lysates was performed as described in Example 2.

D. Results of Immunoblot Analysis

Figure 8 shows the results of the immunoblot analysis of lysates from induced cells
transformed with first generation wt VEGF antibody and the antibodies with amino acid
substitutions at the following positions: M4L (light chain); F71Y (light chain); M34I (heavy
chain); E6Q/M34I (heavy chain);. The results in Figure 8 A demonstrate that approximately
equal amounts of the heavy and light chains are produced when each antibody is compared
to one another. In Figure 8B, the results show that the E6Q/M34I variant had greatly
increased yield (about 16 fold) of completely disulfide bonded antibody product compared
to the first generation wt control. The antibodies with mutations at positions 4 (about 2
fold) and 71 in the light chain (about 2.4 fold) and 34 (about 4.4 fold) in"%c“he heavy chain had
an improvement in yield over the first generation wild type control. The results from the

densitometry scans are shown below in Table 10.

TABLE 10
Plasmid Yield
pVGS50 (Ist gen wt) 1
pVG50M4L (LC M4L) 1.9 +/-0.2 (n=2)
pVG50F71Y (LC F71Y) 24 (n=1)
pVGS50M341 (HC M34I) 4.4 +/-0.1 (n=2)
pVGS50AA (M4L+M34T1) 10.4 +/- 1.0 (n=3)

pVGS50E6Q (HC E6Q +M34D)  16.0 (n=1)

‘When the residue at position 78 was changed from subgroup I residue back to the
subgroup III residue, the antibody yield was reduced. Anti-VEGF VNERK antibodies with
subgroup I amino acid A78 at position 78; subgroup II amino acid F78 at position 78; and
subgroup III amino acid L78 were also tested for antibody yield. The results are shown in
Figure 10. The anti-VEGF VNERK antibody having the subgroup I A78 residue displayed
significantly higher assembled antibody yield (about 36 fold) compared to the antibody with
the subgroup III (A78L) substitution at that position. The results of the scanning

densitometry are shown in Table 11.
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TABLE 11
Plasmid Yield
A78L -SGIII - 1
A78-SGI 36.0 (n=1)
A78F-SGII 2.7 (n=1)

Thus, substitutions of amino acids in positions proximal to disulfide bonded cys
residues with subgroup I amino acids improves antibody yield. Substitution back to
subgroup III residues or subgroup II residue at position 78 reduced assembled antibody
yield.

Another double mutant was constructed with a single amino acid substitution in
each of the light chain and the heavy chain: M4L (light chain) and M34I (heavy chain). The
yield of assembled antibody products was compared to the wt first generation anti-VEGF
antibody and the M4L and M34I single substitution antibodies. Each antibody produced
approximately equivalent heavy and light chains as seen in Figure 9A. The results in Figure
9B show that anti-VEGF with both substitutions had increase in assembled antibody yield
about 10.4 fold over first generation wild type. (See Table 10). The anti-VEGF antibody
with both substitutions also had an increased yield as compared with the antibodies with a
single amino acid substitution at position 4 and position 34.

The effect of single substitutions in the light and heavy chain in antibody Y0317
was examined. Single amino acid substitution antibodies were constructed and tested for
antibody yield. The antibodies had the following substitutions: M34I (heavy chain) and
F71Y in the light chain. The results are shown in Figures 11 and 12. In Figure 11, the
M34I change in the heavy chain increased antibody yield over the YO317 antibody about 5
fold. The F71Y change in the light chain also increased antibody yield about 2.4 fold
compared to Y0317, but not to the same extent as the M34I change. (Figure 12) The results

of the scanning densitometry are shown in Table 12.

TABLE 12
Plasmid Yield
pxVG2ZAP11 1
pYOM34T (HC M34I) 5.0 (n=1)
pYOF71Y (LC F71Y) 24 (n=1)

In summary, we analyzed a number of different anti-VEGF antibodies and variants
of the antibodies with one or more substitutions at amino acids in positions proximal to
disulfide bonded cys residues. The results show that substitutic;n of all of the amino acids in
positions proximal to disulfide bonded cys residues with amino acids found at

corresponding positions in the subgroup I consensus sequence in the heavy chain increased

86



WO 2004/065417 PCT/US2004/001844

10

15

20

25

30

35

antibody yield, likely through improved folding efficiency. These results suggest that
prediction of the heavy chain subgroup FR based on HVR1 and/or HVR2 comparison may
also predict which substitutions to make at positions proximal to the disulfide bonded cys

residues to improve antibody folding and/or assembly and, therefore, yield.

Example 7

Expression and Yield of anti-VEGF VNERK Antibodies
with FR2 and FR3 Substitutions

The anti-VEGF VNERK antibody was modified by additional changes to the
framework regions of the heavy chain. The parent or wild-type anti-VEGF VNERK
antibody was originally constructed with human heavy chain consensus sequences subgroup
III for all of the framework regions in the heavy chain variable domain. The earlier studies
demonstrated that replacement of the FR1 sequence of the heavy chain to the FR1 subgroup
I consensus sequence improved antibody yield. The subgroup I consensus sequence was
selected as the consensus sequence subgroup with the greatest sequence identity in the
HVRI1 region to the HVR1 region of the anti-VEGF VNERK antibody. The next step
addressed the question of whether substitution of additional heavy chain FRs with the

subgroup I consensus sequence could further increase antibody yield.

A. Preparation of Expression Vectors Encoding Anti-VEGF Antibody with

Modified FRs

Plasmid pVKFR1-2 prepared as described in Example 2 was used to make
additional anti-VEGF VNERK antibodies with modified framework regions. Plasmid
pVKSGI.1.2 was prepared by modifying the sequence of plasmid pVKFR1-2 so that the
FR2 amino acid sequence was changed from the subgroup III consensus sequence to the
subgroup I consensus sequence using the method described in U.S. Patent No. 5,747,662.
The change in the FR2 heavy chain sequence was in the region of amino acids 36-49. A
total of 2 amino acid substitutions were necessary to change the FR2 subgroup III consensus
sequence to that of the subgroup I consensus sequence. The plasmid pVKSGI.1.2 encodes
an anti-VEGF antibody with both the heavy chain FR1 and FR2 region residues having the
sequence of human consensus sequence subgroup L.

Plasmid pVK SGI was prepared by further modifying plasmid pVKSGL1.2.
Plasmid pVKSGI encodes an anti-VEGF heavy chain variable domain with FR1, FR2, and
FR3 regions corresponding to that of the human consensus subgroup I sequence. The
polynucleotide sequence (SEQ ID NO:26) and amino acid sequence (SEQ ID NO:27) of

anti-VEGF antibody with all FR sequence of human consensus sequence subgroup I in
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plasmid pVKSGI is shown in Figure 23. The amino acid sequence of FR4 is identical for all
three heavy chain consensus subgroup sequences. The FR3 region of the anti-VEGF
antibody includes amino acids 66 to 94 in the heavy chain variable domain. A total of 11
amino acid substitutions were necessary to change the FR3 region sequence of the parent
antibody, pxVG11VNERK, from the consensus sequence sub group III sequence, including
changes made to this region as a part of the humanization process, to that of the subgroup I

sequence.

B. Expression, Folding and Yield of Modified Anti-VEGF Antibodies
Expression vectors described in Section A were transformed into bacteria to

determine expression, folding and yield as described in Example 2.

C. Immuncblot Analysis

Soluble fractions of each sample were prepared as follows: (1) a5 O.D.gy pellet of
each sample was resuspended in 225 ul of 50 mM NaCl + 5 mM EDTA + 50 mM Tris pH 8
+ 1 mg/ml lysozyme; (2) 25 ul of 100 mM IAA (Todoacetic acid; Sigma I-25 12) was then
added; (3) the cell suspensions were vortexed and lysed by sonicating for 2 x 2 minutes at
50% pulse (Sonics & Materials, Inc., Danbury, CT) (the samples were kept in an ice water
bath during sonication to dissipate the heat generated during the process); (4) the samples
were centrifuged for 5 minutes in a microfuge; (5) 100 ul of each supernatant (soluble
fraction) was then acetone precipitated by adding approximately 500 ul of acetone to each
sample and leaving the samples at RT approximately 15 minutes; (6) each precipitate was
resuspended in 50 ul of dH20 + 50 ul of 2X sample buffer; (7) the samples were heated at
about 90 C for 3-5 minutes, vortexed well, allowed to cool to RT; and, (8) the samples were
centrifuged again for 5 minutes and the supernatants were transferred to clean eppendorf
tubes.

The soluble fractions were then loaded (5-10 ul in each well) onto a 10 well, 1.0
mm NOVEX manufactured 12% Tris-Glycine SDS-PAGE and electrophoresed at about 120
volts for 1.5-2 hours. The resulting gels were either stained with Coomassie Blue or used
for an immunoblot.

For the immunoblot, the gel was transferred and treated as previously described in
Example 2 except a different detecting antibody was used. The antibody used for detection
in this experiment was an anti-Fc antibody (Bethyl Laboratories, Inc.; Goat anti-Human
IgG-Fc Fragment HRP conjugated #A80-104P) diluted 1:500,000. Relative yields were

calculated using scanning densitometry as previously described.
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D. Results

The effect of substitution of additional FR residues on antibody yield was
examined. An antibody was constructed with both FR1 and FR2 region residue changes
from human consensus subgroup III residues to the human consensus subgroup I residues.
An antibody was also constructed with FR1, FR2, and FR3 changed to human consensus
subgroup I The results of the antibody yield are shown in Figure 13. Figure 13A shows a
gel stained with Coomassie Blue and Figure 13B shows the immunoblot results using an
anti-Fc antibody. The results show that changing the FR sequences from the subgroup IIT
consensus sequence to the subgroup I consensus sequence increased antibody yield.

Scanning densitometry results are shown in Table 13.

TABLE 13
Plasmid Yield
Coomassie antiFc
Gel Blot

pxVG11VNERK (SGIIL, except for humanization changes) Band not detected 1
pVKFR1-2 (FR1=SGI) 1% 2.8
pVKSGL1.2 (FR1+FR2=8GI) 1.9 3.2
pVKSGI (FR1+FR2+FR3=8GI) 2.6 3.6

*Since the band for pxVG11VNERK was not detectable by Coomassie Blue staining, data
was normalized to pVKFRI1-2.

These results suggest that making changes in more than one framework region
provides a greater increase in antibody yield over the increase demonstrated by changing
only one framework region. Substitution of all three framework region residues with the
selected subgroup consensus sequence resulted in about a 3.5 fold increase in antibody yield
compared to the parent antibody anti-VEGF VNERK. This increase in antibody yield is
most likely due to increased folding efficiency of the heavy chain. Since anti-VEGF
VNERK is a humanized antibody, some of the FR region substitutions at the positions
identified in accord with the methods of the invention were already made to improve antigen
binding affinity. As a result, the improvement in yield seen with the subgroup I constructs
may have been greater than about 3.5 fold if the changes to the starting subgroup I
sequence had not already been made. The increase in yield may have been greater if the
changes were made prior to humanization, i.e. starting with the chimeric xVEGF instead of
the humanized xVEGF thereby going from a purely SGIII consensus sequence to a SGI

consensus sequence in all four FRs. Additionally, starting with the chimeric antibody and
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making the substitutions to SGI, rather than SGIII, may have also significantly shortened the

time required for humanization.

Example 8
Expression and Secretion of anti-VEGF antibodies from CHO cells

In prokaryotic cell cultures, FR1 substitution of the subgroup III heavy chain with
subgroup I heavy chain sequences in anti-VEGF antibodies increased assembled antibody
yield. The anti-VEGF antibodies first generation wild-type with HC M34I, VNERK, and
YO317 were tested to compare the effect of the same FR1 substitution on antibody secretion
in mammalian cells. Specifically, the heavy chain FR1 sequence from Subgroup III was
substituted with the heavy chain FR1 sequence from Subgroup I. Secretion levels of fully
assembled antibody from a mammalian Chinese hamster ovary (CHO) cell line were

measured by ELISA and by densitometry of immunoblots.

A, Preparation of Expression Vectors Encoding Anti-VEGF Antibodies with

Moedified FRs

The heavy chain constructs were subcloned from the prokaryotic expression
vectors, as described in Examples 2 and 6 into mammalian production vector SV40.PD.
The vector contains a Simian Virus 40 (SV40) promoter and a puromycin and
dihyrdrofolate reductase (DHFR) fusion gene for selection. In addition, the mammalian
signal sequences used for antibody production were cloned into the vector. For this
experiment, there were six different heavy chain constructs--1% Generation xVEGF SGI
with HC M34], 1* Generation xVEGF SGIII with HC M341, YO317 xVEGF SGI, YO317
xVEGF SGIII, and VNERK xVEGF SGI, and VNERK xVEGF SGIII.

In parallel, the light chain constructs from the prokaryotic expression vectors were
subcloned into a pRK expression vector containing a Cytomegalovirus (CMV) promoter.
The two light chain constructs were the M4 xVEGF light chain (normally coexpressed with
the first generation wild-type xVEGF heavy chain) and the L4 xVEGF light chain (normally
coexpressed with the Y0317 and VNERK xVEGF heavy chain). The light chain expression
vectors also contained the aforementioned mammalian signal sequences used for antibody

production.
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B. Expression, Folding, and Secretion of Modified Anti-VEGF Antibodies

1. Transfection

The heavy chain constructs were co-transfected with either the M4 or L4 light chain
constructs. Plasfnids were transiently transfected into DP12 cells. DP12 cells have been
described in U.S. Patent No. 6.673,580, which is hereby incorporated by reference

2., ELISA
ELISA methods for quantitating full length antibody are known to those of skill in
the art and have been published in U. S. Patent Application Publication 20030190317.

3. Immunoblot

Immuno blot analysis was performed according to methods well known in the art.

C. Results

The previously disclosed examples demonstrated that constructs with SGI FR1
consensus sequences had improved antibody yields over constructs with SGIII in the
prokaryotic system. The yield of VNERK xVEGF with a SGI FR1 consensus sequence was
2.2%0.2-fold higher than VNERK constructs containing a SGIII FR1 consensus sequence.
The yield of YO317 xVEGF with a SG1 FR1 consensus sequence was 8.2+1.9-fold higher
than YO317 constructs with a SGIII FR1 consensus sequence. Similarly, the 1st generation
wild-type xVEGF had higher yields when SGI substitutions were made in the heavy chain at
positions proximal to disulfide bonded cysteine residues. Whether the higher yields could
be replicated in the mammalian cell culture system was tested.

The amounts of fully assembled antibodies secreted were measured by ELISA four
days post-transfection. In the CHO cells, two of the three constructs with SGI FR1
consensus sequences had increased yield and secretion of assembled antibodies. The
VNERK construct containing SGI sequence had approximately a 3.6 fold increase in
secretion above the VNERK. construct containing SGIII sequence. Similarly, the YO317
construct containing SGI sequence had approximately a 2.2 fold increase in secretion above
the YO317 construct containing SGIII sequence. However, the 1st generation wild-type
construct with M341 had approximately a 3.8-fold decrease in secretion when the SGI FR1
consensus sequence was substituted for the SGIIT FR1 sequence. Coexpression of the M4
or L4 light chain did not affect the secretion levels of a particular construct. Immunoblot
analysis of the CHO cell culture media and cell lysates confirmed the ELISA results. (data

not shown)
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Table 14
Antibody Construct Relative Secretion
VNERK SG1:VNERK SG3 3.6:1.0
Y0317 SG1:YO317 SG3 22:1.0
1st Gen SG1:1st Gen SG3 ' 1.0:3.8

It is expected that some variation in results may occur when experiments are
5  repeated. When the experiment was repeated, some differences were seen in the results but
the trend was the same. The VNERK construct containing SGI sequence and the YO317
construct containing SGI sequence had increased yield and anti-VEGF 1st generation
containing the SGI sequences had decreased yield.
The above results demonstrate that some antibodies modified with SGI sequences in
10 accord with the methods of the invention are secreted from mammalian cells in greater
quantities than antibodies containing SGIII sequences. Constructs modified in accord with
the methods of the invention yield greater quantities of completely assembled antibodies in
both the prokaryotic and mammalian cell cultures.
Although the foregoing refers to particular embodiments, it will be understood that
15 the present invention is not so limited. It will occur to those of ordinary skill in the art that
various modifications may be made to the disclosed embodiments without changing from
the overall concept of the invention. All such modifications are intended to be within the

scope of the invention.

20
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We claim:
1. A method for producing an antibody or antigen binding fragment in high
yield in cell culture, comprising:

a) expressing a variable domain of the antibody or antigen binding
fragment comprising at least one modified FR in a host cell, wherein the modified
FR has a substitution of at least one amino acid position with a different amino acid,
wherein the different amino acid is the amino acid found at the corresponding FR
position of a human subgroup variable domain consensus sequence that has a HVR1
and/or HVR2 amino acid sequence with the most sequence identity with a
corresponding HVR1 and/or HVR2 sequence of the variable domain, wherein the
antibody or antigen binding fragment variable domain comprising the modified FR
has improved yield in cell culture compared to an unmodified antibody or antigen
binding fragment; and

b) recovering the antibody or antigen binding fragment variable

domain comprising the modified framework from the host cell.

2. The method according to claim 1, wherein the antibody or antigen binding
fragment is selected from the group consisting of a humanized antibody, a chimeric
antibody, a monoclonal antibody, a human antibody, a multispecific antibody, diabodies, or

an antibody generated by phage display.

3. The method according to claim 2, wherein the antigen binding fragment is a
Fab fragment, F(ab’)2 fragment, scFV fragment, or sc(Fv)2 fragment, a single arm antibody

or single chain antibody.

4. The method according to any of claims 1-3, wherein the antibody is an anti-

VEGEF antibody or an anti-IgE antibody.

5. The method according to any of claims 4, wherein the antibody is a

humanized antibody.

6. The method of any of claims 1 to 5, wherein expressing a variable domain
of the antibody or antigen binding fragment comprising at least one modified FR in a host
cell comprises expressing a polynucleotide encoding the variable domain comprising the at

least one modified FR.
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7. The method of claim 6, wherein the polynucleotide further comprises a
polynucleotide encoding a constant region domain connected to the polynucleotide encoding
the variable domain with modified FR to form a polynucleotide encoding a full-length
heavy or light chain.

8. The method of claim 7, wherein the polynucleotide further comprises an

expression vector.

9. The method of claim 7 or 8, further comprising recovering a full-length
heavy or light chain or both from the culture.

10. The method according to any of claims 1- 9, wherein the host cell is a
prokaryotic host cell.
11. The method according to any of claims 1-9, wherein the host cell is a

mammalian cell.

12. The method according to any of claims 1-11, wherein the variable domain

is a heavy chain variable domain or a light chain variable domain.

13. The method according to claim 12, wherein the HVR1 amino acid sequence
is GYTFTNYGIN (SEQ ID NO: 14), GYDFTHYGMN (SEQ ID NO:18), or
GYSITSGYSWN (SEQ ID NO:19) .

14. The method according to any of claims 1-13, wherein the framework region

is selected form the group consisting of FR1, FR2, FR3, FR4 and mixtures thereof.

15. The method according to claim 14, wherein the human subgroup FR
consensus sequence is a heavy chain FR1 sequence with a sequence selected from the group
consisting of SEQ. ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3.

16. The method according to any of claims 1-15, wherein the yield of the

antibody or antigen binding fragment comprising the modified FR is improved at least 2
fold compared to the unmodified antibody or antigen binding fragment.
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17. The method according to claim 16, wherein the yield of the antibody or
antigen binding fragment comprising the modified FR is improved at least 2 fold to 16 fold
compared to the unmodified antibody or antigen binding fragment.

18. The method of any of claims 1-17, wherein at least two amino acid
positions in at least one FR that have a different amino acid are substituted with the amino

acids in the corresponding positions of the selected subgroup consensus sequence.

19. The method of claim 18, wherein the FR is a heavy chain FR1 and one of
the amino acid positions is position 6 or position 23 or both, and the other position is

selected from the group consisting of position 1, 11, 13, 18, 19, and mixtures thereof.

20. The method of claim 18 wherein amino acid positions 6 and 23 are
substituted.
21. The method of claim 19, wherein all of the amino acid positions at positions

1,6,11, 13,18, 19, and 23 of the heavy chain FR1 are substituted.

22, The method of any of claims 1-21, wherein all of the amino acid positions
in a FR that have a different amino acid are each substituted with the amino acid in the

correponding FR position in the selected subgroup consensus sequence.
23. The method of claim 22, wherein the FR is FR1, FR2, or FR3.

24, The method of any of claims 1-23, wherein all of the amino acid positions
that have a different amino acid in all FR are each subtituted with the amino acid in the

correponding FR position in the selected subgroup consensus sequence.

25. A method for preparing a humanized antibody or antigen binding fragment,
comprising:

a) expressing a variable domain comprising at least one FR sequence
from a selected human subgroup variable domain consensus sequence, and a HVR1
and/or HVR2 sequence of a non-human antibody in a host cell, wherein the selected
human subgroup consensus sequence is the human subgroup consensus sequence
that has a HVR1 and/or HVR2 sequence that has the most sequence identity to the
HVR1 and/or HVR2 of the non-human antibody;

b) recovering the antibody variable domain from the host cell.
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26. The method according to claim 25, wherein the variable domain is a heavy

chain variable domain.

27. The method according to claim 25, wherein the variable domain is a light

chain variable domain.

28. The method according to claim 26, wherein the HVR1 amino acid sequence
is GYTFTNYGIN (SEQ ID NO: 14), GYDFTHYGMN (SEQ ID NO:18), or
GYSITSGYSWN (SEQ ID NO:19) .

29. The method according to any of claims 25-28, wherein the FR is selected
form the group consisting of FR1, FR2, FR3, FR4 and mixtures thereof.

30. The method according to claim 29, wherein the human subgroup FR
consensus sequence is a heavy chain FR1 sequence with a sequence selected from the group
consisting of SEQ. ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3.

31. The method of any of claims 25-30, wherein the variable domain comprises

all of the FR of the selected human subgroup consensus sequence.

32. The method of any of claims 25-31, wherein the humanized antibody or
antigen binding fragment has improved yield when produced in cell culture as compared to
a or antigen binding fragment having the same HVR1 and/or HVR2 but without the
selected FR.

33. The methods of any of claims 25-32, wherein expressing comprises:
expressing an expression vector comprising a polynucleotide encoding a variable domain

comprising the HYR 1 and/or HVR2 of the non-human antibody, and the selected FR.

34, The method of claim 33, wherein the expression vector further comprises a
polynucleotide encoding a constant domain connected to the polynucleotide encoding the

variable domain to form a polynucleotide encoding a full-length heavy or light chain.

35. The method of claim 34, further comprising recovering the full-length
heavy or light chain or both from the culture.
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36. The method according to any of claims 25-35, wherein the host cell is a

prokaryotic host cell.

37. The method according to any of claims 25-35, wherein the host cell is a

mammalian cell.

38. A method for improving the yield of an antibody or antigen binding
fragment in cell culture, comprising:

expressing a heavy chain variable domain of the antibody or antigen
binding fragment comprising at least one modified FR in a host cell, wherein the
modified FR has a substitution of at least one amino acid position in at least one FR
with a different amino acid, wherein the different amino acid is the amino acid
found at the corresponding FR position of a human heavy chain subgroup variable
domain consensus sequence that has a HVR1 and/or HVR2 amino acid sequence
with the most sequence identity with a corresponding HVR1 and/or HVR2 sequence
of the heavy chain variable domain, wherein the antibody or antigen binding
fragment with the modified FR of the heavy chain has improved yield in cell culture
compared to an unmodified parent antibody or antigen binding fragment;and
recovering the antibody or antigen binding fragment variable domain comprising

the modified framework from the host cell.

39. A method for improving the yield of an antibody or antigen binding
fragment in cell culture, comprising:

modifying said at least one FR sequence of a variable domain of the
antibody or antigen binding fragment such that it is at least 50% identical in
sequence to the corresponding FR sequence of a selected subgroup consensus
sequence to form a modified FR, wherein the modified FR has a substitution of at
least one amino acid position with a different amino acid, wherein the different
amino acid is the amino acid found at the corresponding FR position of the selected
human subgroup variable domain consensus sequence, wherein the selected human
subgroup consensus sequence has a HVR1 and/or HVR2 amino acid sequence with
the most sequence identity with a corresponding HVR1 and/or HVR2 sequence of
the variable domain, wherein the antibody or antigen binding fragment with the
modified FR has improved yield in cell culture compared to an unmodified parent
antibody or antigen binding fragment; and recovering the variable domain with the

modified FR from the host cell.
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40. The method according to claims 38 or 39, wherein the HVR1 amino acid
sequence is GYTFTNYGIN (SEQ ID NO: 14), GYDFTHYGMN (SEQ ID NO: 18), or
GYSITSGYSWN (SEQ ID NO: 19).

41. The method of any of claims 38-40, wherein at least two amino acid
positions that have a different amino acid in at least one FR are substituted with amino acids

in the corresponding position of the selected subgroup consensus sequence.

42. The method of claim 41, wherein amino acid positions 6 and 23 of heavy
chain FR1 are substituted.

43, The method of claim 41, wherein amino acid positions 1, 6, 11, 13, 18, 19
and 23 of the heavy chain FR1 are substituted.

44, The method according to any of claims 38, wherein expressing comprises
expressing an expression vector comprising a first polynucleotide that encodes a variable
domain comprising the HVR1 and/or HVR2 amino acid sequence of the antibody or antigen

binding fragment and at least one modified FR.

45. The method according to claim 44, wherein the expression vector further
comprises a second polynucleotide encoding a constant domain, wherein the first and
second polynucleotide are operably linked to a promoter; a heat stable enterotoxin sequence

that can direct secretion to the periplasm; and a terminator sequence.

46, The method according to any of claims 35-45, wherein the host cell is a
prokaryotic host cell.
47. The method according to any of claims 35-45, wherein the host cell is a

mammalian cell,

48. The method according toclaim 39, wherein the step of modifying comprises
substituting all of the FRs of the variable domain with each of the corresponding FRs of the
selected subgroup.

49. The method according to any of claims 38-48, wherein the framework
region sequence is selected from the group consisting of FR1, FR2, FR3, FR4 and mixtures

thereof.
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50. A method for producing an antibody or antigen binding fragment in high
yield in cell culture comprising:

a) expressing a modified variable domain of the antibody or antigen binding
fragment in a host cell, wherein the modified variable domain has a substitution of at least
one amino acid position proximal to a cys residue that participates in an intrachain variable
domain disulfide bond with a different amino acid, wherein the different amino acid is the
amino acid found at corresponding position of a human subgroup variable domain
consensus sequence that has a HVR1 and/or HVR2 amino acid sequence with the most
sequence identity with a corresponding HVR1 and/or HVR2 amino acid sequence of the
variable domain, wherein the antibody or antigen binding fragment comprising the modified
variable domain has improved yield in cell culture compared to the antibody or antigen
binding fragment; and

b) recovering the antibody or antigen binding fragment comprising the

modified variable domain from the host cell.

51. The method according to claim 50, wherein the variable domain is a heavy

chain variable domain or a light chain variable domain.

52. The method according to claim 51, wherein said at least one position is
selected from the group consisting of the amino acid position 4 of the light chain, the amino
acid position 6 of the light chain, the amino acid position 33 of the light chain, the amino
acid position 35 of the light chain, the amino acid position 71 of the light chain and mixtures
thereof.

53. The method according to claim 51, wherein said at least one position is
selected from the group consisting of the amino acid position 4 of the heavy chain, the
amino acid position 6 of the heavy chain, the amino acid position 34 of the heavy chain, the
amino acid position 36 of the heavy chain, the amino acid position 78 of the heavy chain,

the amino acid position 104 of the heavy chain and mixtures thereof,

54. The method according to claim 51, wherein said at least one position
selected from the group consisting of amino acid position 4 of the light chain, amino acid
position 6 of the light chain, amino acid position 33 of the light chain, amino acid position
35 of the light chain, amino acid position 71 of the light chain, and at least one position is
selected from the group consisting of amino acid position 4 of the heavy chain, amino acid

position 6 of the heavy chain, amino acid position 34 of the heavy chain, amino acid
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position 36 of the heavy chain, amino acid position 78 of the heavy chain, and amino acid

position 104 of the heavy chain.

55. The method according to any one of claims 50-54, wherein the at least one
amino acid position is an amino acid position adjacent to the cys residue that forms an intra

chain variable domain disulfide bond.

56. The method according to claim 55, wherein the at least one amino acid
position is selected from group consisting of amino acid position 21, amino acid position 22,
amino acid position 24, amino acid position 25, amino acid position 86, amino acid position

87, amino acid position 89 and amino acid position 90 in a light chain variable domain.

57. The method according to claim 55, wherein the at least one amino acid
position is selected from the group consisting of amino acid position 20, amino acid position
21, amino acid position 23, amino acid position 24, amino acid position 90, amino acid
position 91, amino acid position 93 and amino acid position 94 in a heavy chain variable

domain.

58. The method according to any of claims 50-57, wherein the variable domain

is from an anti-VEGF antibody or anti-IgE antibody.

59. The method according to any of claims 56-5 8, wherein the variable domain

is from a humanized antibody or antigen binding fragment.

60. The method according to any of claims 50-59, wherein the step of
expressing comprises expressing an expression vector comprising a first polynucleotide that
encodes the modified variable domain sequence with an amino acid substitution in at least
one of the amino acids proximal to a cys residue, wherein at least one amino acid is
substituted with the amino acid at the corresponding position in the selected subgroup

CONsSENnsus sequence.

61. The method according to claim 50, wherein the expression vector comprises
a second polynucleotide encoding antibody constant region domains, wherein the first and
second polynucleotide are operably linked to a promoter; a heat stable enterotoxin sequence

that can directs secretion to the periplasm; and a terminator sequence.
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62. The method according to claim 61, further comprising recovering a full-

length heavy or light chain or both.

63. The method according to any of claims 60-62, wherein the heavy chain

variable domain has a substitution in amino acid position 4, 6, 34, 78, or mixtures thereof.

64. The method of any of claims 60-63, wherein the light chain variable domain

has a substitution in amino acid position 4, 71, or mixtures thereof.

65. The method according to any of claims 50-64, wherein the host cell is a

prokaryotic host cell.

66. The method according to any of claims 50- 64, wherein the host cell is a

eukaryotic host cell.

67. The method according to any of claims 50-66, wherein the antibody or
antigen binding fragment with modified variable domain has increased yield of at least 2

fold when produced in cell culture as compared to the antibody or antigen binding fragment.

68. The method according to claim 67, wherein the yield of the antibody or
antigen binding fragment with the modified variable domain is increasd at least 2 to 16 fold

as compared to the antibody or antigen binding fragment.

69. The method of claim 50 further comprises:

a) identifying at least one amino acid position in a second variable
domain of the antibody or antigen binding fragment that is proximal to a cys residue
that forms an intrachain variable domain disulfide bond in the second variable
domain;

b) selecting a variable domain subgroup consensus sequence having
the most sequence identity with a HVR1 and/or HVR2 amino acid sequence of the
second variable domain; and

c) determining whether the amino acid in the amino acid position
identified in the second variable domain is different than the amino acid in the
selected subgroup consensus sequence; and

d) placing at said at least one position in the second variable domain
the amino acid found at the corresponding position in the selected subgroup

consensus sequence to form a modified variable domain.
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70. The method of claim 69, wherein the variable domain is a heavy chain

variable domain and the second variable domain is a light chain variable domain.

71. A method for preparing a humanized antibody or antigen binding fragment,
comprising:

a) expressing a variable domain in a host cell, wherein the variable
domain is formed by substituting at least one amino acid position proximal to a cys
residue that participates in an intrachain variable domain disulfide bond with a
different amino acid, wherein the different amino acid is the amino acid found at
corresponding position of a human subgroup variable domain consensus sequence
that has a HVR1 and/or HVR2 amino acid sequence with the most sequence identity
with a corresponding HVR1 and/or HVR2 amino acid sequence of the variable
domain; and

b) recovering the antibody variable domain from the host cell.

72. The method according to claim 71, wherein the variable domain is a heavy

chain variable domain.

73. The method according to claim 71, wherein the variable domain is a light

chain variable domain.

74. A method for improving the yield of an antibody or fragment thereof,
comprising:

a) identifying at least one amino acid position in a heavy chain
variable domain that is proximal to a cys residue that participates in an intrachain
disulfide bond in the heavy chain variable domain;

b) selecting a first human antibody heavy chain variable domain
subgroup consensus sequence having the most identity with a HVR1 and/or HVR2
amino acid sequence of the heavy chain variable domain; and

c) placing at said at least one position in the heavy chain variable
domain an amino acid found at the corresponding position in the selected first
subgroup;

d) identifying at one amino acid position in a light chain variable
domain that is proximal to a cys residue that participates in an intrachain disulfide

bond in the light variable domain;
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e) selecting a second human antibody light chain variable domain
subgroup consensus sequence having the most sequence identity with a HVR1
and/or HVR2 amino acid sequence of the light chain variable domain; and

1) placing at said at least one position in the light chain variable

domain an amino acid found at the corresponding position in the second selected

subgroup.
75. A polypeptide comprising a first variable domain comprising:
a) at least one amino acid position that is proximal to a cys residue

that forms an intrachain disulfide bond in the first variable domain;

b) said at least one position having an amino acid found at a
corresponding position of a human antibody subgroup consensus sequence selected
for the most sequence identity with a HVR1 and/or HVR2 amino acid sequence of

the first variable domain.

76. The polypeptide of claim 75, wherein the first variable domain is a heavy

chain and the positions are amino acid positions 4, 6, 34, 78 or mixtures thereof.

71. The polypeptide of claim 75, wherein the first variable domain is a light

chain and the amino acid positions are 4, 71, or both.

78. A polypeptide comprising a first and second variable domain comprising:

a) a first variable domain with at least one amino acid position that is
proximal to a cys residue that forms an intrachain disulfide bond in the first variable
domain;

b) said at least one position having an amino acid found at a
corresponding position of a human antibody subgroup consensus sequence selected
for the most identity with a HVR1 and/or HYR2 amino acid sequence of the first
variable domain;

c) a second variable domain with at least one amino acid position that
is proximal to a cys residue that forms an intrachain disulfide bond in the second
variable domain;

d) said at least one position having an amino acid at a corresponding
position of a human antibody subgroup consensus sequence selected for the most
identity with a HVR1 and/or HVR2 amino acid sequence of the second variable
domain; and wherein the first variable domain is a heavy chain and the second

variable domain is a light chain.
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79. An antibody comprising: a heavy chain variable domain comprising a
HVRI and at least one FR, wherein the FR has an amino acid residue of the corresponding
FR of a human subgroup consensus sequence with the most sequence identity to the HVR1
and/or HVR2 amino acid sequence in at least two amino acid positions selected from the

group consisting of 1, 6, 11, 13, 18, 19, 23, and mixtures thereof.

80. The antibody according to claim 79, wherein each of the amino acid
positions has an amino acid of the corresponding position in FR of the human subgroup

consensus sequence with the most sequence identity to the HVR1.

81. The antibody according to any of claims 78-80, wherein amino acid
positions 6 and 23 each has an amino acid found at the corresponding position in the FR of a

human subgroup consensus sequence with the most sequence identity to the HVR1.

82. A method for improving the yield of antibody or antigen binding fragments

in cell culture, comprising:
expressing a variable domain of the antibody or antigen binding fragment

comprising at least one modified FR in a host cell, wherein the modified FR is obtained by
substituting at least one amino acid in a least one FR of a parent variable domain of the
antibody or antigen binding fragment with a different amino acid, wherein the different
amino acid is an amino acid found at the corresponding FR position of a human subgroup
variable domain consensus sequence that has a HVR1 and/or HVR2 amino acid sequence
with the most sequence identity with a corresponding HVR1 and/or HVR2 amino acid
sequence of the parent variable domain to form a modified FR, wherein antibody or antigen
binding fragment comprising the modified FR has improved yield in cell culture compared
to the parent antibody or antigen binding fragment; and recovering the antibody or antigen

binding fragment comprising at least one modified FR from the host cell.

83. The method according to claim 82, wherein the parent variable domain is
obtained from an antibody is selected from the group consisting of a humanized antibody, a
monoclonal antibody, a human antibody, a multispecific antibody, diabodies, or an antibody

generated by phage display.

84. The method according to claim 83, wherein the parent variable domain is
from an antigen binding fragment that is a Fab fragment, F(ab’)2 fragment, scFV fragment,

or sc(Fv)2 fragment, single arm antibody, or single chain antibody.
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85. The method according to any of claims 82-84, wherein the parent antibody

variable domain is from an anti-VEGF antibody or anti-IgE antibodies.

86. The method according to any of claims 82-85, wherein the parent antibody

variable domain is from a humanized antibody.

87. The method according to any of claims 82-86, wherein expressing
comprises expressing an expression vector comprising a first polynucleotide that encodes
the variable domain comprising the HVR1 and/or HVR2 amino acid sequence and the
modified FR.

88. The method according to any of claims 82-87, wherein the HVR1 amino
acid sequence is GYTFTNYGIN (SEQ ID NO: 14), GYDFTHYGMN (SEQ ID NO: 18, or
GYSITSGYSWN (SEQ ID NO: 19).

89. The method according to any of claims 82-88, wherein the host cell is a
prokaryotic host cell.
90. The method according to any of claims 82-89, wherein the variable domain

is a heavy chain variable domain or light chain variable domain or both.

91. The method according to any of claims 82-90, wherein the host cell is a

mammalian cell.

92. The method according to any of claims 82-91, wherein the FR is selected
from the group consisting of FR1, FR2, FR3, FR4 and mixtures thereof.

93. The method according to any of claims 82-91, wherein the human subgroup
FR consensus sequence is a FR1 sequence with a sequence selected from the group
consisting of SEQ. ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3.

94. The method according to any of claims 82-93, wherein the yield of the
antibody or antigen binding fragment with the modified FR is improved at least 2 fold

compared to the antibody or antigen binding fragment with the parent variable domain.
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9s. The method according to any of claims 94, wherein the yield of the
antibody or antigen binding fragment with the modified FR is improved at least 2 fold to 16
fold.

96. A method for improving the yield of antibody or antigen binding fragments
in cell culture, comprising:

a) expressing a polynucleotide encoding a variable domain of the
antibody or antigen binding fragment comprising at least one modified FR in a host
cell, wherein the modified FR has a substitution of at least one amino acid in the at
least one FR with a different amino acid, wherein the different amino acid is the
amino acid found at the corresponding FR position of a human subgroup variable
domain consensus sequence that has a HVR1 and/or HVR2 amino acid sequence
with the most sequence identity with a corresponding HVR1 and/or HVR2 sequence
of the variable domain, wherein the antibody or antigen binding fragment
comprising the variable domain with the modified FR has improved yield in cell
culture compared to an antibody or antigen binding fragment with an unmodified
variable domain; and

b) recovering the antibody or antigen binding fragment comprising the
modified FR from the host cell.

97. The method according to claim 96, wherein the polynucleotide is an
expression vector that comprises a polynucleotide encoding a variable domain comprising
the modified FR and at least one constant region domain operably linked to a promoter, a
heat stable enterotoxin sequence that can direct secretion to the periplasm, and a terminator

sequence.

98. The method according to claim 96 or 97, wherein the host cell is a

prokaryotic host cell.

99, The method according to claim 96 or 97, wherein the host cell is a

eukaryotic host cell.

100. A method for improving the yield of antibody or antigen binding fragments
in cell culture, comprising:
expressing a polynucleotide molecule encoding a modified variable domain
of a parent antibody or antigen binding fragment in a host cell, wherein the

modified variable domain has a substitution of at least one amino acid proximal to a
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cys reside that participates in an intrachain variable domain disulfide bond with a
different amino acid, wherein the different amino acid is the amino acid found at
corresponding position of a human subgroup variable domain consensus sequence
that has a HVR1 and/or HVR2 amino acid sequence with the most sequence identity
with a corresponding HVR1 and/or HVR2 amino acid sequence of the parent
variable domain, wherein the antibody or antigen binding fragment comprising the
modified variable domain has improved yield in cell culture compared to the parent
antibody or antigen binding fragment; and

recovering the antibody or antigen binding fragment comprising the

modified variable domain from the host cell.

101.  The method according to claim 100, wherein the polynucleotide molecule
comprises an expression vector that comprises a polynucleotide molecule encoding the
modified variable domain and at least one constant region domain operably linked to a
promoter, a heat stable enterotoxin sequence that can direct secretion to the periplasm, and a

terminator sequence.

102.  The method according to claim 100 or claim 101, wherein the host cell is a

prokaryotic host cell.

103.  The method according to claim 100 or claim 101, wherein the host cell is a

eukaryotic host cell.

104. A method for improving the yield of antibody or antigen binding fragments
in cell culture, comprising:

a) comparing a HVR1 and/or HVR2 amino acid sequence of a
variable domain of a parent antibody or antigen binding fragment to a
corresponding HVR1 and/or HVR2 amino acid sequence of each human subgroup
variable domain consensus sequences and selecting a human subgroup variable
domain consensus sequence that has the most sequence identity with the HVR1
and/or HVR2 sequence of the variable domain;

b) identifying at least one amino acid position in at least one FR in the
variable domain selected from the group consisting of FR1, FR2, FR3 , FR4 and
mixtures thereof, wherein the amino acid position has a different amino acid than
the amino acid at a corresponding position of the selected human subgroup variable

domain consensus sequence; and
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c) substituting the at least one amino acid position identified in step
(b) with the amino acid in the corresponding position of the selected human
subgroup variable domain consensus sequence to form a variable domain with a
modified FR;

wherein the antibody or antigen binding fragment with the modified FR has
improved yield in cell culture compared to the parent antibody or antigen binding

fragment.

105.  The method according to claim 104, wherein the parent antibody is selected
from the group consisting of a humanized antibody, a chimeric antibody, a monoclonal
antibody, a human antibody, a multispecific antibody, diabodies, or an antibody generated

by phage display.

106.  The method according to claim 105, wherein the parent antigen binding
fragment is a Fab fragment, F(ab’)2 fragment, scFV fragment, or sc(Fv)2 fragment, single

arm antibody, or single chain antibody.

107.  The method according to any of claims 104-106, wherein the parent
antibody is an anti-VEGF antibody or an anti-IgE antibody.

108.  The method according to claim 107, wherein the parent antibody is a

humanized antibody.

109.  The method of any of claims 104 to 109, wherein step (¢) comprises
modifying a polynucleotide encoding the parent variable domain to form a polynucleotide
encoding a variable domain with a modified FR, wherein the modified FR has at least one
amino acid position substituted with the amino acid in the corresponding position of the

selected human subgroup variable domain consensus sequence.

110.  The method of claim 109, wherein the polynucleotide further comprises a
polynucleotide encoding a constant region domain connected to the polynucleotide encoding
the variable domain with modified FR parent to form a polynucleotide encoding a full-

length heavy or light chain.

111.  The method of claim 110, wherein the polynucleotide further comprises an

expression vector.
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112.  The method of claim 111, further comprising culturing a host cell
comprising the expression vector; and recovering a full-length heavy or light chain or both

from the culture.

113. The method according to claim 112, wherein the host cell is a prokaryotic
host cell.

114.  The method according to claim 112, wherein the host cell is a mammalian

cell.

115.  The method according to any of claims 104-115, wherein the variable

domain is a heavy chain variable domain or a light chain variable domain.

116.  The method according to claim 115, wherein the HVR1 amino acid
sequence is GYTFTNYGIN (SEQ ID NO: 14), GYDFTHYGMN (SEQ ID NO:18), or
GYSITSGYSWN (SEQ ID NO:19) .

117.  The method according to any of claims 104-116, wherein the framework

region is selected from the group consisting of FR1, FR2, FR3, FR4, and mixtures thereof.

118.  The method according to claim 117, wherein the human subgroup FR
consensus sequence is a heavy chain FR1 sequence with a sequence selected from the group
consisting of SEQ. ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3.

119.  The method according to any of claims 104-118, wherein the yield of the
antibody or antigen binding fragment with the modified FR is improved at least 2 fold
compared to the parent antibody or antigen binding fragment.

120.  The method according to claim 119, wherein the yield of the antibody or
antigen binding fragment with the modified FR is improved at least 2 fold to 16 fold

compared to the parent antibody or antigen binding fragment.
121, The method of any of claims 104-121, wherein at least two identified amino

acid positions in at least one FR are substituted with amino acids in the corresponding

position of the selected subgroup consensus sequence.
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122. The method of claim121, wherein the FR is a heavy chain FR1 and one of
the identified amino acid positions is position 6 or position 23 or both, and the other position

is selected from the group consisting of position 1, 11, 13, 18, 19, and mixtures thereof.

123.  The method of claim 122 wherein amino acid positions 6 and 23 are

substituted.

124.  The method of claim 122, wherein all of the amino acid positions at

position, 1,6,11,13,18,19, and 23 of the heavy chain FR1 are substituted.

125.  The method of any of claims 104-124, wherein all of the identified amino
acid positions in a FR are each substituted with the amino acid in the correponding position
in the selected subgroup consensus sequence.

126.  The method of claim 125, wherein the FR is FR1, FR2, or FR3.

127.  The method of any of claims 104-126, wherein all of the identified amino
acid positions in all FR are each subtituted with the amino acid in the correponding position

in the selected subgroup consensus sequence.

128. A variable domain of an antibody or antigen binding fragment produced by
the method of any of claims 1-74 and 82-126.
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